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I INTRODUCTION AND BACKGROUND 


T.ie Technology Ucilizacion Office at NASA Ames Research Center 
requested that the SRI Technology Applications Team (TATeam) quickly (in 
1 month) analyze the feasibility of a miniature versatile portable 
speech prosthesis (VPSP) and gather information on its potential users 
and on other similar devices. The VPSP is a device that incorporates 
NASA speech synthesis technology. The objective of SKI's research was 
to provide information sufficient for NASA to decide whether it has 
valuable technology tc contribute to the miniaturization of the VPSP and 
whether or not it should fund the development of a mini-VPSP. The scope 
of the TATeam's research encompassed identifying the needs of potential 
users, evaluating the development status of technologies similar or 
related to those used in the VPSP, and determining whether comparable 
computer-based speech syr .hesis devices are already available, or will 
soon be available, in smaller size. 

In May 1978, the design of the VPSP, a computer-based speech 
synthesis system that would fit on a wheelchair, was initiated at the 
Rehabilitation Engineering Center of Children's Hospital at Stanford. 

T)ie primary purpose of the project was to produce a device that would 
provide coimunication assistance — in educational, vocational, and social 
situations — to speech-impaired individuals. It was expected that the 
VPSP would be an especially valuable aid for persons who are also 
motor-impaired, thus the placement of the system on a wheelchair. The 
project was funded under a grant from the NASA Technology Transfer 
Division, Washington, D.C; the funds were routed through the NASA Ames 
Research Center University Affairs Office to Children's Hospital. 
Contributors to the project included staff of the Rehabilitation 
Engineering Center, consultants with expertise in psycho-linguistics and 
electronics, staff and patients of the Stanford Speech and Language 
Clinic and the San Francisco State University Department of Special 
Education, and equipment manufacturers. The Stanford University 
Biomedical Applications Team (BATeam) provided coordination between NASA 
and Children's Hospital. A single prototype VPSP system was constructed 
and tested between May and November 1979. Representatives of the 
potential user community had experimented with the VPSP by May 1980. 

A second phase of the VPSP project was initiated in late 1979 and 
early 1980 with additional NASA funding. Hardware and software 
components of the system were refined, a videotape of its operation was 
made, a demonstration was held for equipment manufacturers, a request 
for proposals was distributed to organizations potentially interested in 
manufacturing the VPSP, and Computers for the Physically Handicapped 
(CPH) was selected to produce the VPSP commercially. 
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The VPSP is essentially a talking word-processing system, built 
around a specially designed operating system that is tailored to the 
abilities of a range of severely physically disabled persons. Figure 1 
is a photograph of the system. It visually displays on a CRT (cathode 
ray tube) the user's control options and text and permits the user to 
generite, speak, edit, store, and retrieve text messages of unlimited 
vocabulary. The hardware components, placed in a metal box that fits on 
the back of the wheelchair, are an S-lOU cardcage (housing a Cromemco 
floppy disc controller, a dynabyte 16K static memory board, a Cromemco 
Z-80 CPU card, and a custom interface board), a 5-1/4-inch disc drive, 
and a fan and its power inverter. Other hardware components include a 
Votrax ML-1 speech synthesizer (disassembled and repackaged in another 
metal box), a third metal box containing the power supply, a standard 
Hitachi 3-inch television set (this is the video monitor), and a 5-inch 
Realistic speaker. Four different user controls — a single switch, a 
five-switch arm, a joystick, and a keyboard — can be attached to the 
wheelchair with brackets, velcro strips, or clamps, as needed. 

Three different software packages are available for the VPSP. One 
is designed primarily for those who can only operate a switch, another 
is designed for input via a standard (typewriter) keyboard, and a third 
is controlled by a joystick or a five-switch arm. The joystick/five- 
switch and the single-switch versions have some characteristics in 
common. In fact, because the software is modular, all three packages 
have many similar modules. 

Although the VPSP is suitable for a certain (nonambulatory) user 
population, nonvocal persons who are ambulatory could benefit from a 
more portable and lightweight speech synthesis device. In November 
1980, a NASA RTOPS (Research and Technology Objectives and Plans) was 
prepared proposing a feasibility study to consider whether designing a 
person-portable versatile speech prosthesis is possible; in effect, it 
would be a mini-VPSP that achieves the same functions and lias the 
performance characteristics of the wheelchair VPSP prototype. The RTOPS 
has been revised and NASA is still evaluating it. 
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II PROBLEM DEFINITION AND APPROACH 


Tlio VPSP was designed as a tool for victims of cerebral palsy, 
i<iiilLi.pie sclerosis, Parkinson's disease, muscular dystropliy, or cancer 
of the larynx and for stroke victims suffering from residual brain 
damage. A brief clinical evaluation with cerebral palsy and stroke 
victims revealed that the device is relatively useful, requires a short 
training period, and satisfies the needs of certain users. 


The VPSP, however, also presents problems. During testing, the 
device proved to be somewhat awkward to operate, to be fragile (with 
wires becoming damaged and the memory disc unit drifting out of 
alignment), and, for a few users, to be too complex. For example, some 
users had difficulty in adjusting to the scanning cursor. In addition, 
the VPSP is too large and too heavy to be useful to ambulatory nonvocal 
persons . 


The questions that must be addressed, then, are: 

• What does the potential user population really need and want? 

• Do the liardware and software components that comprise the VPSP 
represent the state of the art? 

• Are these components available now or will tliey soon be 
available in smaller size; and, if so, is the quality of the 
more miniature components inferior, comparable, or superior to 
those currently incorporated in the VPSP prototype? 

• Has anyone else made, or is anyone else designing, a smaller and 
lighter text-to-speech synthesis device that incorporates all or 
most of the VPSP functions? 


The SRI TATeam's approach to achieving its research objectives and 
tc answering some of the questions associated with the VPSP was twofold: 

• To interview participants in the original VPSP project as well 
as other pertinent experts. 

• To conduct a survey of the marketplace to determine the status 
of relevant technology development. 

SRI TATeam members interviewed approximately 16 people by telephone 
and in person. Exhibit 1 lists the VPSP project staff and other speech 
synthesis experts who were interviewed. Exhibit 2 lists the equipment 
manuf acL'irers that were contacted as part of the market survey. 

In addition to the discussions with the people named in Exhibits 1 
and 2, the TATeam obtained and reviewed product information from the 
companies listed in Exhibit 3. 
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Exhibit 1 


PEOPLE WHO WERE INTERVIEWED 

Participants in the Original VPSP Project 

Gary Steinroan, Assistant Director 
Luke Brennan, Biomedical Engineer 

Stanford University Biomedical Applications Team (NASA BATeam) 
730 Welch Road, Suite 214 
Palo Alto, California 94304 
(415) 497-5353 

Maurice LeBlanc, Chief 
Rehabilitation Engineering Center 
Children's Hospital at Stanford 
520 Willow Road 
Palo Alto, California 94304 
(415) 327-4800, ext. 345 

Carol Simpson 

Psycho-Linguistic Research Associates 
2055 Sterling Avenue 
Menlo Park, California 94025 
(415) 854-1771 

People Involved with Speech Synthesis 

Professor John Eulenberg 
Artificial Language Laboratory 
Computer Science Department 
Michigan State University 
East Lansing, Michigan 48824 
(517) 353-6622 

Dan Christinas , Electronics Engineer 
(Care of Dr. Kenneth Colby) 

Department of Psychiatry 

University of California at Los Angeles (UCLA) 

Westwood, California 
(213) 825-0043 
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Exhibit 1 (Concluded) 


Gregg Vanderheiden 

Cerebral Palsy Coinnunication Group 

Trace Center 

University of Wisconsin 

Madison, Wisconsin 

( 608 ) 262-6966 

David Kolbus, Computer Speech Communication Expert 
SRI International 
( 415 ) 859-2802 

David Fylstra, Software Engineer 
SRI International 
( 415 ) 859-2816 
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Exhibit 2 


MANUFACTURERS CONTACTED DURING THE MARKET SURVEY 

Votrax Division, Federal Screw Works 
John McDaniel, Marketing Consultant 
JHM Marketing Associates 
216572 Matias 

Mission Viejo, California 92675 
(714) 586-9876 

Texas Instruments 
Kun-Shan Lin 
Consumer Products Group 
P.O. Box 10508, MS 5893 
Lubbock, Texas 79408 
(806) 741-2350 

Texas Instruments 
Laurie Kane 

Speech Products Marketing Group 
Midland, Texas 
(915) 685-6683 

Telesensory Speech Systems 
Alan Yatagai, Marketing Manager 
3408 Hillview Avenue 
Palo Alto, California 94304 
(415) 856-TALK 

Jeff Ward, Sales Representative 
(415) 964-9300 

International Business Machines 
Mike Manning, Sales Representative 
San Mateo, California 
(415) 573-3100 

rtycom (a subsidiary of Sharp) 

Dick Trembly, Marketing Manager 
Special Products 
16841 Armstrong Avenue 
Irvine, California 92714 
(714) 557-5252 

Basic Communications 
Tom Cannon 

Ft. Collins, Colorado 
(303) 226-4688 


8 


Exhibit 3 


COMPANIES THAT PROVIDED PRODUCT INFORMATION 

National Semiconductor 
Santa Clara, California 

EPSON (a subsidiary of Seiko) 

Torrance, California 

General Instrument 
Hicksvillo, New York 

Intel Magnetics 
Santa Clara, California 

Micro Switch (a division of Honeywell) 

Freeport, Illinois 

Cherry Electrical Products 
Waukegan, Illinois 

Kurzweil Computer Products 
Cambridge, Massachusetts 

Harris Semicondu tor 
Palo Altr, California 

H-C Electronics 

Mill Valley, California 
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III FINDINGS: COMMERCIAL PRODUCTS 


This section presents the findings of the market survey conducted 
by the SRI TATeam. A variety of companies involved in the manufacture 
of components of the VPSP were surveyed. In some cases, discussions 
were held with company representatives and information was obtained on 
currently available and planned products; in other cases, only product 
literature was obtained. Some of the product literature is appended to 
this report. 

The hardware components of the VPSP were identified, for the 
purposes of the survey, as follows: user control, microcomputer, 

display screen, speech synthesizer, memory, speaker, and power supply. 

This section also addresses the software component of ^le VPSP and 
describes other speech prosthesis devices that are comnercially 
available or that are currently being developed. 

Hardware Components 

User Control 


Numerous standard keyboards as well as versatile, modifiable boards 
are available from Cherry Electrical Products. Cherry also produces 
snap-action switches that could be used as an alternative control 
mechanism with a device like the VPSP. 

Micro Switch manufactures a combined key panel and printed circuit 
(PC) board, shown in Figure 2, on which alternative keyboard modules can 
be used. The keyboards can be as small as 12 inches x 4 inches x 2 
inches and can weigh as little as 1.75 pounds. 

Companies can be contacted to manufacture custom-made user 
controls, such as a headset or joystick; the joystick and five-switch 
arm for ttie VPSP were custom made. Figure 3 illustrates the user 
controls (other than the keyboard) for the VPSP. 

Micr*. computer 


Microcomputers/microprocessors are available as standard items. 

The Z-80 and 8080 microprocessing units were used in the VPSP 
prototype. Others chat have been used with speech synthesizers are the 
Intel 8085 microprocessor, Che Motorola 6808 microprocessor, and the 
National Semiconductor COP400 microcontroller. 



EYBOARD 


FIGURE 3 SWITCH AND JOYSTICK CONTROLS 


Display Screen 


Hycom, a subsidiary of Siiarp, currently is marketing two types of 
model electroluminescent (EL) display panels; actual production of these 
panels will begin in l‘)82. both models liave full-field display and are 
available for alpha- numerics. Each weighs about 2 pounds. The larger 
is 4.8 inches x 10. 1 inches x 1.5 inches and lias 24 lines with 53 
characters per line; it requires 13 watts of power and costs $2,900. 
After production begins, the prices will be $600 each for 5,000 units. 
Tlie smaller EL panel is 1.8 inches x 7.1 inches x 1./ inches and has 12 
lines with 80 characters per line; it requires 11 watts of power and 
costs $2,800. When production starts, 5,000 EL panels will cost $550 
each. Figure 4 is an example of the type of EL panel Hycom jiroduces. 
Hycom is not planning to produce smaller EL panels. The current 
interface of these panels is different from that of an RS232 (a serial 
interface). To adapt the electronics to make the panels suitable for 
sucli applications as the VPSP, a $250 to $300 interface board would be 
required . 

Epson produces alphanumeric liquid crystal display (LCD) modules 
that can be connected directly to any microprocessor, character 
generator, ana random recess memory (RAM). Tlie largest is 7.09 inches x 
2.72 inches x 0.75 inch»‘s and has tour lines with 32 characters per 
line; a cursor can be displayed at any place by addressing it to tlie 
module. Figure 5 is a photograph of the larger Epson LCD module. 

Popular Science (June 1981) reported tliat Hitachi, Toshiba, and 
Matsushita are expected to begin marketing LCD panels in 1982. None of 
these companies, however, provided the TATeam with information on their 
plans. The same article indicated that Sinclair Research (a British 
company) plans to introduce in 1982 a flattened CRT witli half the volume 
of a conventional picture tube. Tnis 3-inch CRT would be used on 
Sinclair's $125 Microvision minitelevision and may also be combined witli 
the "ultra -compact" Sinclair personal computer. 

Speech Synthesizer 

Votrax is currently selling a Versatile Speech Module (VSM/1), a 
single board that costs approximately $995 and measures 12 inches x b 
inches. It incorporates a microprocessor (6800 Microprocessing Unit) 
that is programmable, storage capability, a SC-01 speech synthesizer, 
interfacing electronics, and amplifying electronics (8 ohm, I watt). 

Tlie quality of speech from the VSM/l is not as good as that from the 
ML-1 Votrax unit now used in the VPSP (the transitions are not as smooth 
and the sound production is not as accurate). Both systems are based on 
the formant speech synthesis technique. 

Votrax also has a slightly larger single board synthesizer (the 
SVA) that provides more accurate speech and better transitional 
quality. It comes with a keyboard in suitcase size but does not have a 
display panel. Tlie SVA board has an unlimited vocabulary text-to-speech 
synthesizer, a microprocessor, and amplifying electronics, but it has no 
storage capability for specific words and phrases. 
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FIGURE 4 A SHARP EL MESSAGE DISPLAY UNIT 
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FIGURE 5 AN EPSON LCD MODULE 
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According to Mr. John McDaniel of Votrax, the VSM or SVA boards 
could be reduced to a single chip with synthesizer capability, for 
purposes of a system like the VPSP. This chip could be combined with 
other off-the-shelf chips for interface, amplifying, microprocessing, 
and storage. 

Votrax plans to introduce a new speech synthesizer, the SC-02, that 
will have more human-sounding qualities than the SC-01 synthesizer. It 
will probably not be more expensive than, and is designed to replace, 
the SC-'H. At present, Votrax intends to introduce the SC-02 in late 
19S2 or early 1983, but the company would be interested in cooperating 
with another organization to develop and introduce the SC-02 earlier 
than planned. 

Telesensory plans to introduce a new speech synthesizer based on 
the formant technique in tlie spring of 1982. The synthesizer would be a 
single b ard 12 inches x 7 inches x 1 inch in size. The estimated price 
of the synthesizer will be between $3,000 and $4,000. The unit will 
have an unlimited vocabulary and a 1,500-word dictionary capacity. The 
board will have an RS232 connector and will be usable with American 
Standard Code for Infonnation Intercl>ange (ASCII) input; liowever, it 
will require a microcomputer and a memory device. The company is not 
planning to reduce the size of the board to a chip because it does not 
believe this would be cost-effective or that the technology for reducing 
a board to chip is satisfactory at this time. Within the next several 
years, however, Telesensory does plan to produce a better quality speech 
generator. 

Texas Instruments has large-scale integration (LSI) voice synthesis 
processors (VSP) and voice synthesis memories (VSM) in volume production 
now. The TMS3200 single-chip VSP interfaces with 8- and lb-bit 
microprocessors; has an on-chip first-in, first-out (FIFO) buffer that 
allows speech data to be stored in the host microprocessor system or 
off-line on bubble memory or floppy disk; or can be used with the 
TMS6100 VSM for storage of 3,000 words of speech. The TMS5100 single 
chip interfaces with 4-bit microprocessors and can be used with up to lb 
TMS6100 voice synthesis memories to store up to 30 minutes of speecti. 

Tlie TMS5100 and TMS6100 two-chip set is expected to cost $13 in late 
1981. All TI speech synthesizers use the linear predictive coding (LPC) 
technique and can be be integrated with microprocessors, display, and 
interface functions in a custom module or board. 

A TM990/ 30b speech module without standard vocabulary can be 
produced without erasable programmable read-only memory (EPROM), 
allowing the user to install solid-state speech vocabularies developed 
for his or lier own application. However, for high-volume app . icat ions , 
user-specific vocabularies can be implemented on mask-programmed ROMs. 
The TI speecli synthesizer provides more intelligible and more 
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human-sounding speech chan Che VoCrax or Telesensory synChesizers ; 
however, ic does noC have Che unlimiCed vocabulary capabiliCy of Che 
oCher Cwo synChesizers. 

The NaCional Semiconductor DIGITALXER speech synChesis sysCem is 
more limiCed in capabiliCy chan Che oChers. Based on Che waveform 
digicizacion Cechnique, ic is more naCural sounding: however, Che 
MM54104 speech processor chip, for example, has only 256 possible 
addressable expressions. 

Memory 

Small memory unics are available as chips in magneCic bubble form. 
According Co an arcicle in Che May 1980 issue of IEEE Spec Crum , bubbles 
are more reliable and smaller Chan disks (a single chip comes in a 
package noC much larger Chan a semiconducCor chip package), and Chey 
consume less power and have shorCer access cimes. They also fic on Che 
same board wich a microprocessor. 

InCel manufacCures a bubble memory device capable of scoring 1 
megabyCe of iiiformaCion on a 10 cm x 10 cm prinCed circuiC board, as 
shown in Figure 6. Ic is available for less Chan $1,000 for one and for 
less Chan $600 for volume orders. InCel 's bubble memory chip is 14 m.n x 
14 mm. InCel also produces other bubble memory sizes; Che smallest, has 
a 128K capacity and provides nonvolatile storage. 

NaCional Semiconductor and Hitachi also produce bubble memory 
devices. The Hitachi unit plugs into the bus of such microprocessors as 
the 6800 and the 8080. National Semiconductor's bubble memory expansion 
module board measures 2.8 inches by 3.7 inches by 1 inch and weighs 3 
ounces . 

Speakers 

Minispeakers are widely available, one manufacturer being 
InCervox. They have been in use for some time in such products as 
computer education toys. However, the quality of smaller speakers is 
not as good as that of the Radio Shack speaker currently used on the 
VPSP. 


Power Supply 

Rechargeable batteries are available in all sizes. 
Software 


The software for the VPSP seems to be the most sophisticated 
currently in use. There does not appear to be another speech synthesis 
system or device on the market or near development that has the scanning 
capability or rule-making capability of the VPSP. The device being 
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FIGURE 6 AN INTEL BUBBLE MEMORY BOARD 
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developed by Mr. Dan Cbristinaz at UCLA may have some (e.g., correction 
of misspelled words) but not all of the functions in the VPSP software 
package. Mr. Gregg Vanderheiden of the Cerebral Palsy Communication 
Group at the University of Wisconsin believes that the scanning 
algorithm and other combined functions of the VPSP make it the most 
advanced text-to-speech device available. 

The SRI TATeam is not qualified to evaluate the possibilities of 
adapting the VPSP software package for use with much smaller hardware 
components. For example, we do not know the implications for the 
software of using a 128-character display screen or of using bubble 
memory storage. These uncertainties can best be answered by Carol 
Simpson of Psycho-Linguistic Research Associates. 

Other Text -to-Speech Prosthesis Devices 

A number of text-to-speech synthesis devices are currently beiiig 
designed, demonstrated, or produced for speech-impaired and other 
handicapped people. The one that most closely resembles a mini-VPSP is 
the prototype device just constructed by Dr. Kenneth Colby (Department 
of Psychiatry) and Mr. Dan Cbristinaz (electronics engineer) at UCLA. 

It is a portable speech prosthesis device that is 5 inches x 10 inches x 
3 inches in size (not including the battery and speaker) and weighs 7 
pounds (not including the 3 to 4 pound battery). The device has the 
following components: 

• A Votrax VSM single-board speech synthesizer with speech 
intonation, 3 inches x 5 inches in size (between $400 and $500). 

• A Cherry alphanumeric keyboard similar to those used on 
terminals or typewriters ($100). 

• An EPSON liquid crystal display (LCD) screen, 1-5/8 inches x 
5-1/2 inches in size, with four lines and 32 characters per line 
($250). 

• RAM and EPROM memory chips, 38K to 40K in all, pro''iding 2-1/2 
months of memory life with two small batteries (donated by Texas 
Instrument s ) . 

• A 6-volt rechargeable Gates battery that lasts about 2-1/2 
hours, contained in a 3- to 4-pound box attached to the device 
with a cord so that it can be hung around the waist of the user. 

• An Intervox speaker, 1-1/2 inches x 2-1/2 inches square (of not 
very good quality) that can be used as a neck ornament and 
attached by a cord to the device. 

• A serial RS232 port so that a control switch can also be used. 
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• A Pr board ($200 to $300). 

• Software that allows the user to program and store words or 
phrases but does not have menu selection. 

The total cost of assembling this device, called the IST-l, was 
about $2,000 and the parts were purchased in single quantities. The 
reason for designing the speaker to be worn as a neck ornament is that 
people communicating with tlie user tend to talk to the speaker in the 
device rather than to the person operating it. With the speaker 
component around the neck, people will be more likely to respond to the 
user rather than to the device itself. Mr. Christinaz hopes to make 10 
of these and provide them to potential users for testing. One reason 
for such tests would be to evaluate the sturdiness and reliability of 
the hardware package. 

In addition to building and testing the IST-l devices, Mr. 
Christinaz is attempting to construct more complex software that would 
predict words the user is spelling, that would correct misspelled words, 
and that would generally be more accurate. However, he is concerned 
that such a program would require an extensive memory (in the range of 
256,000 bytes) and thus significantly more power — perhaps so much power 
that the battery would be too heavy to carry in conjunction with the 
other components. 

Mr. Christinaz is anxious to find an organization that would help 
fund the construction of the 10 demonstration units and assist in the 
test program. Computers for the Physically Handicapped, among others, 
however, has not indicated much interest in providing such support. 

Mr. Cregg Vande rheiden, at the University of Wisconsin, is 
attempting to develop a wearable keyboard that produces speech and 
printed text because he believes that nonvocal people need both types of 
outputs. He did not provide the details on this device. 

According to Mr. John McDaniel, Votrax is currently selling the 
Type 'n Talk (TNT), which can be used in conjunction with a computer, 
for $345 (see Figure 7). The TNT has a microprocessor-based 
text-to-speech algoritlim, unlimited vocabulary, a 750-character buffer, 
a l-watt audio amplifier, KS232C interface, the SC-01 chip, and data 
echo of ASCII characters. The TNT is fairly compact but, unlike the 
VPSP, is not an independent system. Mr. McDaniel believes, however, 
that a speech synthesis system comparable to the VPSP could be packaged 
in calculator size with computer, display, and speaker included. 

Telesensory has a prototype text-to-speech system called the TTS-X 
packaged in a 14 inch x 17 inch x 20 inch enclosure. It includes a 
4-inch speaker (8 ohm), a 5-amp (llO-volt) battery, and two LSI boards. 

A product demonstrator with a Litronix display panel and a Keytronics 
keyboard is currently being shown around the country. The speech 
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synthesizer is based on the fonnant code and sounds very much like the 
VPSP voice. Telesensory plans to have a commercial text-to-speech 
synthesizer available in early 1982 on a single 12 inch x 7 inch x 
1 inch board. Telesensory may incorporate the soon-to-be -commercial 
speech synthesis board with its Autocom Lapboard Coimnunicat ion Aid, a 
device that is built for use on a wheelchair and has a magnetic board. 
When a pointer is used to toucli a key indicating a word, letter, or 
number, it appears on a display or can be printed out. 

H-C Electronics is currently marketing the Phonic Mirror Handivoice 
device, shown in Figure 8. The HCllO features 128 touch-se-s it ive 
display areas/keys on a flat board and two operating memories, each 
storing 50 entries for a total of 100 entries. Through the use of 373 
words, 2b letters, 13 morphemes, and 16 common usage phrases, a kind of 
unlimited vocabulary is available. The Handivoice weighs 6 pounds and 
is 16-3/4 inches x 7-3/8 inches x 2-3/4 inches in size. However, it 
does not have a display screen or many of the qualities of the VPSP, 
such as menu selection. 

Prol . John Eulenberg of the Artificial Language Laboratory at 
Michigan State University believes that the commercially available 
speech prosthesis devices do not particularly suit the needs of the 
users. He has built a variety of wheelchair-portable speech synthesis 
and printout systems, but he would also like to see more person-portable 
devices on the market. Specific features he is working on are a 
keyboard (with as few as 10 keys) strapped to the body and operable with 
one hand and a system that is based on body movements as the only user 
control . 
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Mr. Vanderheiden believes that the menu selection and scanning 
cursor method used in the VPSP is too slow for most ambulatory speech- 
impaired persons and tliat many would like to have a faster-talking 
device. He feels that "high" technology such as the menu selection and 
scanning capability is not what is needed by the ambulatory speech- 
impaired user. Mr. Vanderheiden believes the best kind of device for 
such users would be one that can be programmed to suit an individual's 
speech needs and that is still portal ,e. He believes that duplicating 
the VPSP in miniature would be difficult and that only with fewer 
functions could it be made portable. 

Mr. Christinaz believes that the user and tl>e people with whom the 
user communicates are more comfortable if the source of the speech (the 
speaker! is more naturally placed close to the liead of the user rather 
than at a distance from the user inside the speech synthesis device. 
Otherwise, people are more likely to address themselves to the device 
rather than to the user. 

Most of the people the TATeam interviewed agreed that those users 
who will be ambulatory will probably be able to use a keyboard control; 
the majority will not require another user control mechanism such as a 
switch because, if they hav? the motor control to walk, they will very 
likely be able to operate a keyboard. 

Unfortunately, the TATeam could not conduct a detailed survey of 
user needs within the short ime frame of tliis study. However, it would 
probably be advisable to do lo before a decision is made on whether or 
not to proceed with miniaturization of the VPSP. 

Is Miniaturization Feasible? 

It appears that all the liirdware components that would be required 
to make the VPSP person-portable are available. In some cases, the 
miniature components are more advanced than their counterparts used in 
the VPSP prototype. What remaiis to be done is determining the 
feasibility of adapting the sofitware package for use witli smaller 
hardware components and, if this can indeed be done, evaluating whether 
the result is the most suitable device for ambulatory speech-impaired 
persons . 
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Another uncertainty expressed by an SRI software engineer is the 
possibility of combining all the off-the-shelf components into a 
workable, well-packaged product. He was concerned about the complexity 
of "plugging in" cll the hardware of varying sizes into a compact 
one-piece device. Not all the components are standardized at present. 

Mr. McDaniel believes that it would be possible to design and build 
a calculator-size speech synthesis device with the SC-01 or SC-02 Votrax 
chip, a minicomputer, display panel, small speaker, and keyboard; but he 
believes that the menu selection function in the software would be a 
roadblock. Mr. McDaniel also said that Votrax would be interested in 
discussing the possibility of collaboration with NASA or others on such 
a project. If this were to occur, Votrax might be willing to accelerate 
development of its new, more intelligible SC-02 speech synthesizer chip. 

Before such an effort is initiated, it would be advisable to 
examine and evaluate in greater detail the devices being developed by 
Mr. Christinaz at UCLA and by Mr. Vanderheiden at the University of 
Wisconsin. These two devices are the closest in capability to the VPSP 
and are designed for ambulatory speech-impaired persons. 
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Speed \ Systenis 

V*OHHi!l\icw AMnuc'l'O Hox 101 W 
PjIo Alto, t ililornia 

Ouinc»pl.une ‘ 111*-' '^N5S> 

nunibcT n 

(415) H^6 TALK 


SPECIFICATlO'jS OF PROTOTYPE TEXT-TO-SPEECH TT5-X 


The text-to-spoech prototype systen; will be constructed as a conplete stand alone 
unlimited speech peripheral device. Tin's system will consist of two T5I wire wrap 
boards, one TSI prirtted circuit board and nine printed circuit boards made by DEC 
mounted in a card cage. Tne card cage, power supo’/, speaker and tape cartridge will 
be packaged in a 14" x 17" x 20" enclosure. Exterr;al user controls (switches, 
potencicneters . etc.) will tie mounted on the front panel. The RS-232C connector used 
for I/O, the AC power cord and the fuse holder will be arranged on the back panel. 

TSI ./ill use materials and construction techniques consistent with the quality and 
reiiah'li-.y requirements of a laboratory evaluatioi pi'ototypo. The electronic 
hardware will be purchased from reputable manufactu.'ers as OEM boards, OEM subsystems 
and components. The :nclosures and other hardware required will be bniight cs "off 
the shelf" products -• TSI docs not intend to fab!'’cate them. The engineering staff 
at TSI will assemble, test, debug, and service the units we construct. 

The specifications rt the text-to-speech prototype are as follows: 

1. Function -- The system will receive full woid' as strings of characters in ASCII 
format, '^hese words are spoken in either lexica’, prosodic, or spell mode. 

Lexical mode produces speech in which ouch word is pronounced with full 
normal stress (based on the lexical stress rules for words) without 
regard to the surrounding words. 

Prosodic rode p>-odjcrs suocch which ro.-e closely rosemblos human speech 
in conversation; an enfirr ''hrase is aruilyzed before speech begins and 
each word is sfosseJ with relationship to the surrounding words. 

Spell mod.? nami'S tvach cti.ir-i'.ter in ? lo irput string. 

The mode Of oi'enj! ion shell iw sc'cci“J input cui."tol char. *nrs (ASCII). If the sncll 
mode is not selected, th; system will operite in tie loxiral r.ode for incoming text 
in ASCII format. The pr.s.odic rode is used .vh 'n ne u'.er wisiies to replay a se>*ies 
of v/ords which wore received and store.) in the ICCu character P,uM buffer. This 
RAM buffer auto:-‘itical ly slnrc the lust 1003 c'liracters received via the RS-22.’C 
input port. Using the a , 'i: rnni's;! rr :o fi,. .j-.ei- n.ay position a I'oii.tcr to 

a woi d in the i.'.'' buffer irs i- ' 1 1 b" the stn^ ir : wisr i ‘ .-■.pi.iy j.. ;,! a prr" die mode. 

2. Vos.ibnlarv '‘i.’r -- T).e t 1 v- • -p. h s.'V h w: 1 1 s-no k an unliiiite-l Enelish 

vocal- .’ary. ilc ■'evire in a.- • . -:ict > nt u.'c* ' v.j''.-'',. 
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This dictionary is used for words which are most comnon in the English language and 
words which do not follow the typical phonetic rules of the language. Along with 
this dictionary is a set of algorithms which convert the other words to phonemes. 

A phonetic synthesis subsystem converts the resulting phoneme, stress, and duration data 
to speech parameters which drive the PDSP synthesizer to create the synthetic speecn. 

3. Maximum Vocabulary Length -- If the text-to-speech system is operated in the 
lexical mode (text being inputted to the system via the RS-232 port), the system 
can speak indefinitely at a maximum speaking rate of 200 words per minute. The 
minimum speaking rate is 50 words per minute. The speech rate 'S controlled from 
a front panel potentioneter. 

For prosodic mode oper'tioii the maxinium amount of words which can be read out is 
determined by the number of words that can be stored in the 1000 character RAM buffer. 

If we assume the average word length is seven characters, the total number of words 
is about 143. Because the text-to-speech system can speak any English word, any 
word or words can be stored in the RAM buffer. 

In addition, the system has the ability to expand and pronounce common abbreviations. 

For example, "Dr." is expanded and pronounced as "drive" or "doctor" depending upon 
the context. Time, dates and monetary amounts are spoken as in conversational speech 
(e.g., "S13.26" is pronounced as "thirteen dollars and twenty-six cents"). Capitals 
embedded in lower case text are spelled (e.g., "the TSI speech board" is pronounced 
as "the T-S-I speech board"). 

4. Response Time -- The text-to-speech system's speech output will keep up wi tl. 
sentence input up to a rate of 200 words per minute. 

5. Interface -- The text input will be in ASCII format at 1200 baud based on 
RS-232C specifications. The external user's control consists of variable speech rates 
between 50 - 200 words per minute, volume contro’ , spell mode switch, buffer po nts 
control (forward and back). The power lequired is 110 V, 60 Hz, 4-5 amps. 

6. Electronics - Three microcomputers (1x8085, 2xLSI-ll), RAM, tape cartridge, 
Progra’iiiiiabTe’Ui'’gital Signal 'ocessor (PDSP, chips. 

Because this prototype system c/ill produce speech output given ASCII text string as 
input, the only equipment that should be prepared is a machine that can serve as an 
ASCII text string generator. The TsI text-to-speech system will do everything else. 


ie-klritifk 
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Lapboard style for Visual Display of Vocabu- 
lary Uses Inlercharigeable overlays of Vtords,' 
symbols 

373 words v *" 

45 phonemes (speech sounds for creatingfwords) 
26 letters (entire English alphabet) 

13 morphemes (word prefixes /suffixes) 

16 common usage phrases (i.e. ^"My namV^is . . .") 

Features: ■■ 

1 28 touch-sensitive display areas 

4 selections per display arek 

8 selective funrtions including memory and repeat 
2 operating memories with each storing 50 
entnes for a total of 1(X) entries 

5 overlays: one thru four are illustrated and 
coordinated to the four individual instruc- 
tional levels, and one blank overlay (grid) 
to accommodate symbols and graphics as ' 
desired in lieu of written language 

Unlimited \ocabulary thipugh tfte combined 
use of morphemes, phortemes (prefixes/ 
suffixes, sounds),. letters and Worcb. 

Portable and Manageable; weight 6 lbs. (2.72 
kg), length 16V«“ (41.25 cm), width 7Vi" 

(18.75 cm), depth2V»“ (7cm) 



"> 


Calculator style. AD selections ate initiatedr' 
through 3 digit cixiing. Accommodates auxiliary- 
switch systems. , - ■* 

a 888 words*' 

45 phonemes (speech soundsior creating words)if 
26 letters (entire Englidi alphabety*'**^ s 

13 morphemes (word prefixes / suffixes) V ' ’■> 

16 coipmon usage phrases (i.e, "I want . . , 

Featuresi 

button keyboard 
11 selective functions including memory and rcpcsktr 
2 operating memories, with one storing 60' 
entyies and the other storing 35 entries (or ■ - 

a total of 95 entries 

Audible and silent automatic storage and ■< • 
panning when used with auxiliary controhi 
Auxiliary breath, muscle or hand switch omtrob to 
accommodate the severely physically ii^aired lOi 
maximize their available mo^ abilities - < 

Unlimited vocabulary through m combined * 
useof morphemes, phonemes (prefixes/ 

'f uffixes, sounds) letters and words 
Portable and Managetble; wri^t SVk lbs. ■ ■ ■ ‘ 
(2,49kg), length 11 V,' (29cit), width 7V." ‘ 

. (18cm), depth 2 V 4 " (7 cm) 
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In a world of instant communication the need and 
right to communicate vocally is essential. A segment of 
the population has been denied this basic tool because 
of various kinds of birth defects, brain damage, or in- 
juries. Space-age technology has produced the Phonic 
Mirror HandiVoice, a portable electronic voice synthe- 
sizer that can communicate verbally virtually any word 
in the English language. For non-oral people the oppor- 
tunity to communicc*e like their peers means more than 
just talking with an artificial voice. It marks the be- 
ginning of a new and meaningful life style. It can be an 
important beginning in reducing the physical limita- 
tions of non-oral people Basic communication depen- 
dence is diminished while opportunities for schooling 
and jobs are realistically increased . For rrany the Phonic 
Mir'-or HandiVoice will become an augmentative 
means of verbal communication, while for others it will 
be a diagnostic instrument, and educational aid, or a 
therapy tool. For the family and friends it will enhance 
communications leading to better understanding for all 
concerned. Whatever its role, the Phonic Mirror Handi- 
Voice will give non-oral people the opportunity to en- 
large their participation within their particular en- 
vironment. 

Technology has resulted ir a variety of speech pros- 
theses. The Phonic Mirror HandiVoice, with its synthe- 
sized speech output, is not intended to be the panacea 
for all non-oral individuals. However, the first step is 
the professional assessment of the non-oral person's 
cognitive and motor skills together with an evaluation 
of the potential user s wants and needs. If the assess- 
ment and evaluation indicates that the non-oral person, 
in due time, can sufficiently upgrade his or her com- 
munications output, either model of the Phonic Mir- 
ror HandiVoice might be recommended. Considera- 
tion also must be given to a proper training program, a 
follow up program, and family involvement if the non- 
oral person is to derive full benefit from the Phonic 
Mirror HandiVoice. To this end both models of the 
Phonic Mirror HandiVoice are available at established 
Assessment /Evaluation centers throughout North 
America. All centers are staffed by accredited speech 
pathologists and occupational therapists. The Assess- 
ment/Evaluation center will assist the non-oral person 
and his family in selecting the most appropriate com- 
munications prosthesis to meet his present and future 
needs. 
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Echo On 


Echo On is published regularly during the calendar 
year for all those with interests in non-speech systems. 
Readership includes the non-oral. Phonic Mirror Han- 
diVoice users, parents, professionals of various disci- 
plines medical schools and universities, third party 
funders, foundations and government agencies. There 
IS no charge for the publication. Subscriptions may be 
entered by writing to the editor of Echo On. 



Yoke Pols 

The Voice Pals program was instituted as a commu.ii- 
cations vehicle for Phonic Mirror HandiVoice users. 
Voice Pals is an updated version of pen pals, wherein 
Phonic Mirror HandiVoice users send and exchange 
cassette recordings with fellow users and sports, enter- 
tainment. and government personalities. Echo On 
serves as the 'learing house for all Voice Pals Voice 
Pals become more proficient with their Phonic Mirror 
HandiV'oices while gaining a measure of self-esteem 
and self-confidence in knowing that their peers and 
famous personalities are receiving their communica- 
tions and responding Phonic Mirror HandiVoice users 
become Voice Pals by completing a general interest 
questionnaire and requesting cassettes and mailing car- 
tons for which there is no charge. 3 M contributes the 
cassettes and Phonic Mirror provides the special mail- 
ing cartons 



32 



original 

black and white Pno"j 


OGRAPH 


Alirr «n 10 monih m4i( I rrcnvfd my HandiVoice Now I 
c*n call my girllrirnJ on ihf phone Now lhal I have my 
ManJiV'oKT. I hope to hnd a new ]ob posaihty (yptnit and a 
new apartment Rmht now 1 make leweiry and »ell it to the 
pubiu at the lo< at Fairv 

USfR 

ft 

We lake the HandiVoice everywhere to *chtxj|r doctor 
meeting% He even appeared on TV bavier Seal Telethon We 
think the HandiVoiie i> the best thing ever to happen to obr 
Cerebral Palsy um. 20 years old MountnJ on his wheekhair 
the MandiVoue has become a part ol him 

< -PARfSl 

My best friend s speech deteriorated to a point where oar 
telephone conversations And private talks were no longer 
• possible Oui contacts had all but slopped Then suddenly 
or>e evening I got this telephone call and a deep monotone 
voice annoumed ‘Laura this is |udi I ct^uldn t believe iH 
Judi . .talking' It was a wonderful feeling to kn«m that oner 
more we could share our worlds of private thoughts 

• fRItSnOfUbfR 

e 

Before the students had the I'honii Mirror HandiVoice 
they had to be mute while riding in cars because their mothers 
or drivers could not read “wt^rd boards the slucients used 
They rsever talked in the car before Today they talked ail the 
way down to San Oiego 

-S/TfCHTHfRAn>T 

Because of the HandiVoice my son has now been able to be 
mainstreamed into a public school has been able Ici com 
municatr with friends in pervm and on the telephone has 
aerured part time jobs can tape reports K>r his irhocd prc»- 
jects by programming the machme wtth his thoughts and then 
tapingsthrm for presentation in schcxil 

/ 

^ The negihbc'rhoc»d children mtw accept my son without fear 
and rrservalion because they now can understand him and 
fourni he likes the same things they like The Phonic Mirror 
HandiVnicf has helped him to better accept himsell h-le was 
constantly frustrated trying to espresa himself and trying to 
invent ways for others to accept hwn So the HV has undoubt 
ediy become his link to the fun^of really being underslinnl 
ar>d rngiying participating with «>thers Its been one more 
key to us for unkxking the spastKily that holds our son 
captive 

• PARtNT 

Once the parent saw his child and the Phonic Mirror Handi 
VoHe interlace the parent became enihusiaslu. In one in 
alame a child s vixahularv went from 5 to 200 words the 
parents espectaiions were fulfilled and communKJlum at 
home increased dramalii allv 

UN't.tvrsr 

CommunicaJion aids such as the HandiVoxe are rH^^ 4 c 
uries they are necessities I know oi no other physical h^di 
cap as great or having as great an effect on a person spsvc ho 
logic al and sex M>k>gii al development as hemg unable to mm 
mumratr The prrscen who can t speak is a person who is 
Ignored and a person who is ignored is a pervm who is stunt 
ed m hts socK>logical development 

rw •tf fSr ag'iv #»r fS# ettHO M fm» Ilk ‘ UStR 
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USA: 

PHONIC EAR INC. 

250 Camino Alto 
Mill Valley. CA 94941 
415/383-4000 TLX 172 164 


Canada: 

PHONIC EAR LTD. 

7475 Kimbel Street Unit 10 

Mississauga. Ont L5S 1E7 

Canada 

416/677-3231 

TLX 06-968754 

Ptronicear MSGA 


Oulaida North America: 

PHONIC EAR INTERNATIONAL A/S 

Formervangen 34 

DK 2600 Qostrup 

Copenhagen. Denmark 

Phone (02) 45 85 66 TLX 33245 phonic dk 


'Ml' Ir Nkc 


MtoMc dnoi^p d'ff t*« i*’ 

HSA0>voc« • rM •M4«r*0"Mi^'*e*«0t<«4 «•*•««»< (p f aiSc'd* <A70‘*» 
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Phonic Mirror 

HancliVcice" 


HC120 

Accessories 


AT 135 Battery Pack 



Rechargeable battery pack provides long life and reliabilily Powers the 
unit lor up to 10 hours ol continuous use. Pattory pack nnay be charged 
while the unit is operating but only use the charger provided with the unit 
to prevent damage 


AT 1 41 Battery Charger UL and CSA approved lor 1 20V- eo Hz operation. D. S and N approved 

for 220V- 50 Hz operation Specify voltage when ordering. Use only the 
battery charger provided with the unit. 


AT 151 Keyguard 



AT 152 Carrying Case 



AT 140 Carrying Strap 



Snaps over the keyboard to allow people with limited motor skills to 
accurately activate the keys Provides separation to prevent activation 
of more than one key at a time. 


Custom-fitted real leather case provides good protection ic r the unit 
Easy-opening flap gives access to controls and keyboar'' without re- 
moving case Comes with adjustable carrying strap ano mounting 
hardware 


Adjustable shoulder strap lor easy carrying ol me unit Attaches to bul'i- 
in threaded bosses on eittier the sides or ends of the unit Mounting 
hardware supplied with the strap 


AT 153 Vocabulary Card Kit Seven vocabulary card set provides easy access and reference to 

words, sounds and phrases included arc numeric and aijii'abetic vo- 
cabulary listings, sampie word combinations, common male and temale 
. rtames. phonetic key and vocabulary categories 


AT 168 Accessory Kit includes at 133 sound Switch. AT 134 Pedal Switch. AT 1GO Touch 

^ Switch. AT 161 Leal Switch, two AT 162 Cable Assembiios. one AT 151 

Keyguard and one AT 14U Carrying Strap 

1 Ol Ft* 

fMOFClM. I »« 
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Phonic Mirror' 

Hand:: Voice ■ 


HC120 
External Switches 


AT 133 Sound Switch 






Activated by any sound, grunting, tongue clicking or blowing Light- 
weight (1 oz.). Durable steel headband and soli loam temple pads 
provide siatililv and comfort. Headband and microphone are lull/ ad- 
justable Comes with permanently attached cable assembly 


Activated by gross movements ol hand or foot Gives good audible 
reinlorcement and physical leel ol the switching function Requires less 
than 5 ounces ol force applied to center Provides large target area and 
rugged construction. Can be screw-mounted for stable positioning 
Comes with AT 162 Cable Assembly. 


For use by people with extreme motor limitations Activated by very 
light touch and smoil delleclion Dollection required can be adjusted 
Can be screw-mouni<‘d lor head or hand operation Comes with AT 162 
Cable Assembly 


For use by people wi'h moderate motor limitations Can be activated by 
chin, lateral arm movements or other movements with moderate control 
Dellecting leal in either direction activates switch Can be rod- or screw- 
mounted in any position Comes with AT 162 Cable Assembly 


Used with AT 134 Pedal Switch, AT 160 Touch Switch or AT 161 Leal 
Switch Cable is 6 leol long with 3 5 mm Mim-Phono plug molded on 
each end 



HC CIcctrunict. Inf 
Alio 

M-H V.i‘ "y CA ‘4.1 .41 
4t*i/ 4(1110 


IMIONK r.Mt I.TI) 
SiQJOi' 

I Uni . 14T 1Ci3 


IMlOSir V.\n iNlf llS.MinNAt A s 

f ofnii-vjitoen 34 

DK Glo I'up Cot>4'n»i.»i^on 
f*t»onp(Uri41ifl'j6f. 
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wpiE-TJ-'TAiLurns 

Tlha exciliun:^ £ 3 afi-']®-G;c.'i:j(cih syr'il-iiGGaizer 
iLiSl iizis 6^077 coiiiiii'riiar ifal'ldziig. 


• DnUmlied rocabalary 

• Bnlil'^ lMtl>lo-tpeecli 
•Itjoriihm 

• 70 to 100 bit»iMrMCc nd 
■pMch lyntiiMtmr 

lVp« 'N Talk,” an important tr' inological 
advanca from Volrai, anablr^ V>*uf com 
pular to talk to you simply and « laarly — 
with an unlimitad vocabulary You can 
•fifoy lha many laaturas ol Typa- N Talk.* 
tha naw lait to-ipaach synthausai, lor 
lust S345 00 

You oparala Typa >1 Talk* by simply typ- 
ing English last and a talk command 
Your typcwniton words ara automatically 
translatad into alactromc s|»aach by tha 
fyslam's microproraaaoi i>asad tail to 
spaach algonthm 

Th« endlMU nsot oi 
■p*«ch nynUiMla. 

TVpa 'N Talk 'adds a whole naw world ol 
apaaktng roles to youi computer You can 
program verbal reminders to prompt you 
through a ccmpics routine .i*id make your 
compulor annouma events In teaching, 
tha compuiei wtih Tv)tr N Talk 'can 
actually tell students when they ra right 
cr wiong even praire a correct answer 
And ol course. Type N Talk it qical lun 
lor computer games Your names coma to 
Ilia with s|H*kt'n threats ol danner. ra 
mindeis a.tiipi«.i»e Now all compulars 
can spo.ik Make yours on# ol Ihu lust 

Tox1h>fpe«ch U ttiMf, 

•|!i«h test |s autornalM .tllv irauslaled 
.u elec troiiirallv sytiiue -i* * speech 
withl>|> N Talk All'll sle liuin 
youi Ci>mpuler s hevb\>.iul led to 
Ty|w» N Talk Ihix'U |M til KS JJJC inlef 
Ure to •leneiato tvuihe*,/.*i| s|se#i.li 
lust enter knglt>h test and heai ibe vrdMl 


raaponsa (electronic speech) ihrough your 
audio loud tpaakar Foi esain.tla simply 
type lha A5^11 chatactors rar resenting 
*h a I- 1 ‘ 0 " to ganarata tha spoloii 
word “hallo " 

TVPF-'IM- FAlaK hftt lit 
own memory. 

Typa-'N Talk ‘has its own huul in micto- 
procesaot and a 750 charadai IniHar to hold 
tha words you'va typed Fven it tmallaal 
computet can esacuta proaianii luni speak 
mmuJUuiaously Typa *N Tal» tocan*! have 
Id use your host compular s met tory, or tss it 
up with lima consuming text irarwlaban 

Data awllchliMi caoability 
allowc lor OrrurJE mayo. 

Flace Type N Talk ’ balwren a f on;pular 
or modem and a leiminal Type N Talk ' 
can speak all data sent to tha leiminal 
while online with a computet Inlormation 
randomly accessed Irom a data base can 
be verbalised Using tho Ty|>r N Talk * 
data switching capability, the unit can be 
“da saieclad' while data is sent to lha tar 
minal and vice vetsa — perm; ling spaach 
and visual data to be indc, e .uunlly sent 
OP a smgla data channel 

SolectabU leattuvs m^iKo 
bitorfaclng varuuio. 

Type N Talk can be iniartacad in savotal 
ways using ^pocial control characters 
Coiii.ecI It directly to s compiilei s serial 
inlart.U'O Then a terminal, line printer, 01 
additional Typo N Talk units ran be 
conm»clad to the fust Type* N Talk * 
ehminatii.g the need tot additional 
RS |KUts on your compuirr 

Using unit a'-«ignmrnt cchJ«*s multiple 
ly|>a 'N Talk unit* can Ik* dai.-y chained 
Unit 4>ldie*>«mq codes alU»w independent 
control ol Tv|h* N Talk 'units and 
youi punter 


Look whsi yon got for $345.00. 
TYPE-’iy-T/ll.:i comos with: 

* Text •to xpaach algorithm 

* A one watt audio ampldiar 

* SC-01 spaach synlhatitai chip (data 
rata: 70 to 100 bits par second) 

* 750 charectar buHat 

* Data switching capability 

* Salactabla data modes lor versatile 
interiaemg 

* Baud lala (75 9600) 

* Data echo ol ASCII characters 

* Phoneme access modes 

* RS 232C interlace 

* Complete programming and inMallation 
matructioiu 

Tha VoTrax Typa *N Talk* is one ol the 
easiest to program speech synthasiiais on 
lha market It uses the least amount oi 
memory and it giva« you tha most Dasibla 
vocabulary available anywhere 
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1. INTRODUCTION 

The TMS 5100 is a PMOS voice synthesis processoi (VSP|. Speech is synthesized by processing an externally provided 
vanable dala late bit strean-i ol encoded speech data and converting the result to an audible output with an on-chip 
eight bit D'A converter and push pull amplifier The TMS 5100 was designed to be used with one or more TMS 6100 
128K bit (ROM) voice synthesis memories (VSM) and therefore outputs all control signals necessary for direct interface 
Control of the VSP is normally provided by an external device (e g.. TMS 1000) through four control pins and a 
command clock. 

2. THEORY OF OPERATION 

2.1 LINEAR PREDICTIVE CODING 

Linear predictive coding (LPC) synthesizes human speech by recovering from the original speech enough data to con 
struct a time varying digital filter modeling the voice tract and exciting this filter with a digital representation o* 
either glottal air impulses or the rush of air that produces unvoiced sounds. 

The TMS 5100 design is based on a 40 Hz frame rate (the rate at which new speech data — a maximum of 49 bits' 
frame — is obtained frum the external memory), and an B kHz sample rate which corresponds to a maximum output 
frequency of 4 kHz Each 49 bit frame defines excitation and filter characteristics that are linearly interpolated (every 
3 125 millisecond) to be smoothly time vary irtg throughout the 2&millisecond interval (jeiween frames This allows a 
relatively low (I960 bits/sec maximum) data rate to produce high quality speech The data rate is actually slowei than 
this since certain speech parameters are not necessary in some instances as described in tne next section. 

DATA FORMAT - FRAMES 

Each 49 bit f'ame ‘s composed of 1 3 parameters 

(1 1 Energy (amplitude - four bits). 

(2) Repeat bit. 

(3) Pitch (frequency - five bits). 

(4) Ten reflection coefficients (K parameters - K1. and K2. five bits each. K3 K7. four bits each, 

K8 K10. three bits each) 

The K parameters are used tc define the voca' tract transfer function 

A full .et of parameters for each frame would require a data rate of 40 Hz X 49 bits ' 1960 bits/second Three special 
cases, in which a full frame is not necessary, allow the data rate to be considerably reduced 

(1) Since the vocal tract changes shape relatively slowly, it is often possible to repeat previous reflection co 

efficien’ data If the repeat bit is set to a 1. the K parameters from the previous frame are used and no 
more data is accessed from memory This makes repeated frames only 10 bits in length (4 energy. 1 
repeat. 5 P'tch) 

(2) Unvoiced sounds (such as s. f. t. sh) require fewer reflection coefficients When pitch = 00000. only 
K1 K4 are used K5 K10 are internally zeroed, making an unvoiced frame of 28 bits (4 energy 1 repeat. 
5 pitch. K1 and K2 - five b-ts each. K3 and K4 — four bits each). 

(3' When energy > (XXK) rso other data is required. Energy is zero during interword or mtersyllable pauses 

When energy * 1 1 1 1. rt is detected as an end-o* phrase and the TMS 5100 stops talking Both of these cases 

yield a four bit frame 

The combi lation of these three cases has reduced the average data rate to nominally 1200 bits/sec 
example phrase - "HELP " 

Table 1 shows the word "HELP" bit by bit, frame by frame 
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TABLI « - HtLP 


0000 

0100000000100110111010010111 

0111000001 

1 101 1001001000010100100001 1001 1 1 10001010100101010 
1101100111 
1110100111 

110110100001 1010111110101010100101 1 1 1000100101 101 
1101 10100001 1 1001011100011001 101 1000010010001 1 101 
1101 1001 10100010101001 101001 1111101 101010100001 10 
1011100101 

101010010001 1010011110001 1001111011 10010U01Q101 10 

1001100001 

100101 1 101 

100001 101 1 

001001 1 1000010100101 1101100111100101011 100101 101 1 


0000 

0000 

0000 

01 11000000 
0111000000 
0101000001 
0011000000 
0010000000 
0000 
1111 
1 1 1 

10100 

10001 

10011 

10010 

01011 
0101 1 

00111 

00101 

1011 
101 1 

loir 
101 1 

1000 
01 10 

101 10 
0101 
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2 2 TMS5100 

Thf TWS 6100 n conliolird hv commjnil\ on tivf i>'n» |he Conlfol Hu% (CTL 1 ? 4 31 J'Ul 'hi- .Ijlj 

(PDC) Tjbi* 21 A convn^ml it titti tfl up on me Contiol But liviin mr POC owil men sn.-tieil .nto l*'e pet re by 
logqlinq the PDC (low h.qh low) Mulli nibble rommjmlt tucb it Lojd Addiett jir eyeeuleil by tli 't'i ig ■' t^e 
commAiid lift! then trtlinq up Ihe lUli on Ibe Conti ol But jnd togqlmq the POC The tieguii.iog ot ejch i-iimin.init 
iletcriplion qivet the binjiy toim ot eech command 


TABLI J - TMS Stoo COMWANO USI 


, NAME 

[ 


CTL8 

(MSB) 

CONTROL BUS CONTENTS 
CTL4 CTL2 

r 

CTL1 

ILS8I 

1 

PDC s 
REQUIRED 

I RESET 

1 

0 

0 

0 

X 

I 

1 LOAD ADDRESS 

1 

1 

0 

0 

1 

X 

2 

] OUTPUT 


0 

1 

0 

X 

J 

1 READ BIT 


1 

0 

0 

X 

I 

speak 


1 

0 

1 

X 

1 

READ ^ BRANCH 

1 

\ 

1 

0 

X 

t 

1 TEST TALK 

1 

\ 

1 

\ 

X 

3 
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Thr roTitna'Hl (000X1 i$ usrd to jynch'onur a commam) ifquanca Sioca lhaia air some multi nibble commandi 

(Mirn a>. load A.idiei^ which irquirrc a Load Addirsi command (ollowrd by addieii data) Ihr TMS 5100 may not 
bf irady to accept a command 1oi example when the device it enpectmg data in a load add'eti tequence The Retet 
commjiHl mutt be ruecuted thiee timet to eniuie that the next toggling o1 the PDC will ttiobe in a command, not 
data 

The Retet command can alto be uted to halt tpeech The execution of the Retet command while the TMS 5100 it 
laHti ig completely haitt the device but doet not cleai any internal itgi'teit Thit allowt the lett of the phiate to be 
tpnken upon tubtequent execution of the Sl>eak command 

load address 

Thu command (001 XI loadt the addiett of a phiate contained in a VSM, i e . IMS 6100 Th t it a two nibble command, 
the fiitt nibble it the Load Addiett command 1001 XI Once that hat been toggled in, the TVS 5100 expeett the data 
on the Contiol But to be foul addiett bitt LIpon toggling the PDC. the chip gatet thit addiett (along with the piopei 
contiol tignaltl to the VSM Thit two nibble teciuence it lepeated at many timet at necettaiy to complete loading of the 
\'SM addiett leg ttei Foi example the TMS 61CX) lequnet five Load Addiett tequencet, i.e.. it taket exactly ten togglet 
p( the PDC to load an addiett 

READ & BRANCH 

Thit inttiuction (110X1 it an mdiiect load addiett command foi a tmgle ROM tyttem Eirtt an addiett it loaded 
Thit It the addiett of a woid in the VSM that contamt the addiett of data that the utei detnet The Reid and Bianch 
command it now executed and the VSM addiett legitlei it loaded with the contentt of the ROM byte (tpecified in the 
Load Addiett tequencel. and the next contecutivr byte In thit mannei a look up table of phiate addiettet can be 
tioied in the VSM and eatily accetted The execution of thit command alto peifoimt a dummy laad to that a Read Bit 
01 Speak command can be immediately executed to accett data oi begm tpeech (Note the addietted byte holdt the 
MSB t of the VSM addiett The next tequential byte holdt the eight LSB't of the VSM addiett ‘ The VSM utet only 
the 14 LSB t of thetc two bytet and theiefoie the Read and Bianch command it local to only one VSM. i e a look 
up table loi data mutt be on the tame chip at the data ittelf 

SPEAK 

Thit command (101X1 it uted to ttait the TMS 5100 talking Aftei an add'ett hat been loaded and a dummy read 
peilpimrd (tee Eiguie II. thit command it toggled into the TMS 5100 and it immediately begint tiantfeiiing data 
tiom the VSM and lalk ng The tpeech can now be intenupted by the Retet command, d detned and lettaned later 
by timpiy togqlmg the Speak command into the device again If no Retet command it ittued during the tpeech the 
device contmuet talking until it detecti an end of phrate datum (tee Sectiont 4 2 and 4 31 

TEST talk 

The lett Talk command (111X1 wav Created to that the controlling device would know when the TMS 5100 it 
fimthed talking Thit it a three PDC command the fiiit PDC dockt in the commaixl. the lecond gatet the ttatut of 
the talk latch m the device to CTL1 and enablet the CTL output buHeit the third returnt the CTL pint to inputt 
Al;ei the failing edge of the tecond PDC CTLI will be high d the TMS 5100 it talking and at toon at the device 
deieclv an er'd id ptuate datum, it will go low indicating the end of tpeech Note that no commandi will be under 
ttood by the device until the third PDC it uted tmee the CTL output buffert are enabled (See Figure II Alto note 
that the melhcid ot ittinng two Retet commandi (tee Retet command lectionl would alto guarantee the next toggle of 
the PDC to mean a command exntt on CTL 

READ BIT, OUTPUT 

The Read B I command (100X1 it uted for two reatoni ( 1 1 ri ading data out o* VSM m con|unction with the Out 
pul command (010X1 and (21 changing the direction of the ADDS Data line from VSP output to VSP input la dummy 
react option prior touting a "Speak " command! 


47 


3 


ctl ■ ooox 
PDC • rL 
(RESET) 
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PjM cjn lie ifivf oiil ot the VSV I’v 


It) loiicl’ny 4 20 bit adilievi. 

(2l Pe'lorming t dummy lejd 

(3l Peilo'mmg (out Read B t commands sequi’ntially to load the 4 bit data buHe' in the IMS 5100. 

|4) Tjqqhnq the PDC vs.lh an Output citmmand on CTL, 

16' Toggling the PDC again to letum the CTL pins to inputs 

16' Toggling the PDC agam to return the CTL pms to inputs 

I7l Going to step 4 and repeating until all needed data is obtained 

Data IS tianstfrred between the VSM and the speech synthesi/ei over the ADD8 pm Since this pm is usually an m 
pul ors the VSM and an output on the TMS 5100 a dummy read is required to reverse the data flow so that data is 
nos\ t'ans'eiied m me other direction This need only be performed when a new address is loaded, as the correct 
direction o1 data flow will still Im' set m cases such as interrupted ssseech or m between sequential data reads Isce MO 
Transfer Bit section! 

3. OPERATION OF TMS 5100 VS P WITH TMS 6100 VS/M 

This section is intended as an aid tor those who may desire to interface the TMS 6100 ROM to the TMS 5100 The 
following sections describe the timing of the control signals 1ADD1 A0D2 ADD4, ADDS. ROMCLK, MO. and Ml) 
that the TMS 5100 provides to the ROM It is suggested that the reader obtain a copy of the TMS 6100 specification 
to further clarity this discussion 

DESCRIPTION OF T'tE TMS 6100 

The TMS 6100 contains an auto incrementing address register no further load address sequences are needed if the data 
IS sequentially positioned m the ROM See Figure 2 for operation flow 

The TMS 6100 is a masli programmable 128K bn Read Only Memory internally organnrd as 16K words of 8 bits, 
eviernaily it appears as 128 k X 1 Once the 20 bn address 114 bns to select a byte withm the device. 4 chip select 
bits 2 bits ignored) n loaded through ADD1 ADD2 ADD4 and ADD8 m five Load Address sequences, data is read 
out bn wise by togglmg a conno' pm MO The ROM contains an on chip address counter .vhich is incremented every 
e ghr bns le ghi toggles of MOI The fom miema' chip select bns are a mask programmable option, and allow parallel 
connection of up to 16 ROMs lahout 30 mmulec of speech) without the need of external select circuitry 

Ml lOAD ADDRESS 

The TMS 5100 loads an address to the TMS 6100 using the ADD bus and Ml control pm As the PDC is broughi high 
during the address portion of a load address sequence, the TMS 5100 brings Ml high and gates the CTL bos to the ADD 
bus When the PDC is brought low Ml goes low and the TMS 6100 stores the nibble m its address register This 18 bn 
register is filled after five toggles of Ml Iten togqies of the PDC as Ml stays low when the Load Address command 
tool XI IS docised m ) 

MO - TRANSFER BIT 

Data IS transferred from the ROM to the TMS 5100 over the ADDS pm Togg'mg MO instructs the ROM to transfer the 
next required bn As the PDC is brought high during a Read Bit commarsd. the TMS 5100 toggles MO and accepts the 
new bit into Its tour bit buffer over the ADDS pm The first MO after a load address sequence changes the direction of 
the ADDS Data Ime 

ROM CLOCK 

The TVS 6t00 requires a clock input of from 100 IsH/ to 200 kH; This clock is used to perform shifting and locating 
of data w thin the device Pulses of MO or Ml must be made m synchronieation with this clock as shown m the 
limmg diagrams 

It II suggested that any circuitry emulating the TMS 6100 be designed to be synchronous with the ROM CLK output 
of the TMS 6100 or inconsistent results may be obtained 
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4. TMS 5100 SPECIFICATIONS 

4 1 ABSOLUTE MAXIMUM RATINGS* OVER OPERATING FREE AIR TEMPERATURE RANGE 
(UNLESS OTHERWISE NOTED! 


Supply Volugf Vqd (see Note 1) 
Voltage applied to any device pin 

Storage temperature 

Operating temperature 

Continuous power dissipation 


-20 V to +0 3 V 
-24 V to +0 3 V 
-30“C to +125“C 
O'C to +70'C 
600 mW 


NOTE 1 All voH«9« tr* «Nith r#«p«ct lo 

bvyond I'tltd und»r "Abtoiul* Maaimum Ratings' may b«rmanani daF^»9« to lira 0«v>c« Tbit n a ttr»tt rating only and 

(ynrtionat operation o* Iba da«lca at tba%# or 0*vOnd tbot« litiod unoar the R«commfrTd«d OPO'ftting Conoitiont' toclion of Ibit tpocifu ation 
It not imphad k apoturt 10 obtolutt maRtmum rat*ci condition! fo* aatanciaci p*no**t mav •ffoct aavica raiiabiiitv 


4 2 RECOMMENDED OPERATING CONDITIONS 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supply voiiagv Vj)p 

-83 

-9 

-9 7 

V 

Higb Iffvfl input voltage Uee Note 7) 

-0 7 


0 

V 

LOW level input voltage Uee Note 2) 

^DD 


- 4 

V 

OtciMator irequencv (eaiemai HC) 

608 

640 

674 

LM; 

Operating free-a*r temperature Ta 

0 

n 

70 

‘c 


4 3 ELECTRICAL CHARACTERISTICS OVER OPERATING FREE-AIR TEMPERATURE RANGE. Vqd - -9 V 


PARAMETER 

TEST CONDtTtONS 

MIN TYP MAX 
(Sm Not# 2) 

UNIT 

Mtgb level 

'T|M 

input voltage 

ADDS 


0 

O 

1 

V 

CTlI CTt? CT14 CTL8 >>DC 

-0 95 0 

[ V|^ LOvv level input voltage all mpuit 


-24 -4 

V 

High level 

Vqm 

Output voltage 

ROM CLK CPU CLX 10 11 
AOni ADO? ADD4 ADOS 

•Om * 100 mA 

-OS 0 

V 

CTLi CTL2. CTL4 CTL8 

-0 7 0 

Vql level output voltage all output! 

IQL • 'OOvA 

VOD -5 

V 

liH H«gh level input current 

V| • 0 V 

100 

**A 

• Low level -nput current 

V| ■ -?1 V 

50 

*• A 

•OD Syppl> current 

AM inputt and Output! open 

20 4 5 

rr>A 

Power output to tpeeiiv' 

100 11 kpeaker load 
SO il aach output 

30 



soil 2 Tba a> 9 *braic conwanupn whara tb# mor« nagati*# (iMt pot>ti*al itmii it datignatoo at mmtmym it ytoo in tb<t data tnaai tp* iog>s 
voitag* itrvait only 

4 4 TIMING REQUIREMENTS, DATA OUTPUT AND I/O MODE SWITCHING (TEST TALK, OUTPUT) SEE FIGURE 3 


r~ 

PARAMETER 

MIN 

MAX 

UNIT 


CS teiup time 

0 

yt 

<yyM 

Pyite midth PDC high 

t 

cvc le 


^Uiw y*.di" RDC n.y< • 640 SM/ 

6 25 


<wL 

Pylte wrdtn POC low 

1 

Cycle' 

'wt 

Pyite w>dtb POC low • 640 kM/ 

6 25 

Mi 


* T vi*<c«i »aiy«a ara ^ a * 

' Cvna 'a*art to tna aqy*«aran| tm«a m clock cvdov 
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4 5 TIMING REQUIREMENTS, COMMAND AND DATA TRANSFER (LOAD ADDRESS. RESET, READ BIT, 
READY BRANCH, SPEAK) SEE FIGURE 4 


PARAMETER 

MIN MAX 

UNIT 


0 


In Oaia hold nma 

1 75 

cvcia* 

th Dat« hold timt, • 640 kHt * 

10 9 

Mt 

ty^H PuiTt Mfidtb. POC hi^h 

1 

cycle' 

(yyH * Midth. POC hi^h. lo|c ■ 640 kHi 

6 2b 

ul 

PuIm Mndth. POC lotw 

1 

cyda' 

PuiM tRFtdth, POC >OM. * 640 hH/ 

6 2b 


* Th« clock >t ft by u»ln9 tha ROM clock ( 160 kHf 1 

4 6 SWITCHING CHARACTERISTICS OVER OPERATING FREE AIR TEMPERATURE RANGE. V 

'DD • -9 


PARAMETER 

TEST CONDITIONS 

MIN TVP’ MAX 

UNIT 

OKillator Iragutncy 


608 640 6T4 

\msm\ 

Td(0) Data output timt 


1 ?5 

cvcia' 

'd(O) Data output tima 

Tqjj “ 640 hHj 

CO 

00 

wl 

TdM 0) Output bullfr sMitcbmg tima 


1 2b 

Cycle* 

^dll 01 Output butler i^itcbtng time 

*oac * 

■DBHU 



* T vD'CAl «alu»« ara at T • 35* C. 

* Cyila fafan lo t^a aquivalant tima in CPU clock cyclaa. 


cs 

ISEE NOTE Al 


»OC 


CTL1 CTl? 
CTL4 ctib 
iSEE NOTE Bl 


CTL BUFEER 
STATE 



M 


L 


L 


M 


L 


OUTPUT 

INPUT 


SOT C S A Output OF*tv CS '% To»»' 0« »n<1 tu»« o*» T*lay « «l*'^ t to 0 "«•« .v t«0" . v (# 

i ^Of TEST talk only CTli<«*cTi»«. 


FtGUnE 3 - TIMING DIAGRAM DATA OUTPUT AND I/O MODE SWITCHING 
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ISEt NOTE Al 


CTU 


ctl: CTL«, 
CTL8 



rtjOTES A R»t«r to command tf«Krtplion» tof ^DC r*Awir«m«ni%. 

B CT L 1 It Kralovant (don't caraMor command tranttar ■amaatCTl.T CTL 4 CT L8 *Ot addiait ttanttai 


FIGURE 4 - TIMING DIAGRAM. COMMAND AND DATA TRANSFER 


TERMINAL ASSIGNMENTS 


TST Q 
PDC [ 
ROMCK [| 
CPU CK ^ 

vdd [ 

C R OSC Q 
R.C OSC Q 
T1l[ 
NC [ 
l/0[ 
SPK1 
SPK2[ 
PROM OUT r 


“D 

2 

3 

4 

5 

6 

7 

8 

9 

10 
11 
12 
13 


28 

] CS 

27 

] CTL8 

26 

] ADDS 

25 

]CTL1 

24 

3 ADD1 

23 

]CTL2 

22 

3 ADD2 

21 

3 ADD4 

20 

3cTL4 

19 

3 Ml 

18 

3nc 

17 

3nc 

16 

3 NC 


14 


15 
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PRECEDING P/iGE P! AfiX T'OT 


1. Ih.TRODUCTION 

Tht TMS 6100 it • PMOS 128K ROM intarntlly orgtnutd at 16K x 8. Exttrnally it apptart at tithtr a ont-bit (ttrial) 
or four-bit (parallal) output. Ortct tht 14-bit addrttt (of any tight-btt bytai it tvntttn i.<to int dtvict, data it rtad out 
ont bit or ortt nibbla (half bytt) at a timt by toggling a control pin. Afttr tight bitt or tviro nibbitt havt bttn rtad, tht 
addrtu it inttrnally incrtmtnttd. Thit allowt quick download of tht ROM ttarting at ona addrttt (at fdi( ■ 200 kHz, 
tht ROM can bt rtad compitttly in 1.3 itcondt). Tht output (ont-bit or four-bit) it a matk programmabit option at 
it an inttrnal chip ttitct allowing parallel connection of up to 16 ROMS (256K byttt). 

2. THEORY OF OPERATION 

Figure 1 thowt tht block diagram of tht TMS 6100. Ml and MO are control tignalt (formerly called 10 and II) and 
dtttrmirtt tht mode of operation of tht dtvict. Tht clock input lo the dtvict should bt a maximum of 2(X) kHt. 

For proper operation of tht TMS 61(X. it mutt bt initialiatd afttr power it applied. Thit it accomplithtd by perform- 
ing a dummy 'load addrttt' and then a dummy "data trantftr". Tht dummy load addrttt it done by putting Ml once 
in accordance with tht device’s timing conttrainti. The dummy data (read) trantftr it done by putting MO onct and 
then waiting 80 microttcondt. 

In thit ttatt the device it ready to accept itt first address. The address it loaded at shown in the timing diagram. Five 
nibbles (one nibble it four bitt) mutt bt loaded into tht TMS 6100 constituting ont addrttt. Each nibble it first ttt up 
on tht data pirtt arxi than clorkad with ont pulta of Ml. Thit addrtu can bt broken down at follows. 


A 

b 

c 

0 

E 


LEAST SIGNIFICANT MOST SIGNIFICANT 


IGNORED 

4 CHIP SELECT BITS 
14 ADDRESS BITS 


The least significant nibble (LSN),A, it loaded into the ROM first and the most significant nibble (MSN),E, it loaded 
last. The nibbit* A thru C and half of D at shown in the diagram make up fourteen bits of address used internally lo 
address the memory array. These bits define one of 16.384 possible internal addresses. At each address there are eight 
bits of data. Thit data it read from the addressed location m either two or eight read cycles. If the one bn output it 
selected, each MO pulsa putt a new bit on A(}D8. eight pulses per byt'. If the four-bit output it selected, each MO Quite 
putt four new bits on AOD8 through A001, two pulses per byte. The data is read out from LSB to MSB or from LSN 
to MSN. After a byte has been read, the internal address counter is incremented. (Note th* ^nly the least significant 
bit or nibble can be directly addressed The rest of the byte must be accessed through pulsing of the MO pm, however, 
after one address it loaded data can be dumped sequentially by continued pulsing of MO.) 

When the TMS 6100 is used singly, an indirect address technique is available After a load address sequence is completed 
both MO and Ml are pulsed simultaneously This causes the contents of the arfdressed byte and the following byte to be 
loaded into the internal address counter and an access initiated After a 320 ns wait, a "data transfer" pulse or senes of 
pulses will causa the output of data stored in the indirectly addressed byte. No dummy data transfer .s needed 

It should be noted that all wait times specified are proportional lo ROM clock period, e.g.. a 20 ns wait at 2(X) kHt is 
a 100 ns wart at 160 kHt. 
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Thr TMS 6100 has an internal chip select as well as an emeinal select The four address bits constituting the most 

Significant half of D and the least significant half of E in the diagram make up the inte’nal chip select. They can be | 

thought of as an extention of the addiess resistor When an address is loaded that is lower than the one that enables ] 

the device, the part does not respond to any request for data in the form of reading from the device, but if sufficient j 

reads are performed to increment the address to that value enabling the device, it will respond Similarly, if an address ,j 

IS loaded that enables the device and sufficient reads are performed incrementing the address beyond that which j 

enables the device, the device will disable itself and not respond to any further reads. If is in this way that the internal 
chip select acts at a bank decoder, allowing 16 devices (one from each bank) to be bussed together 

J 

The internal chip select can be programmed at one of 16 values. The value foi this code appeait in the qale placement j 

deck at *’BANK". The value specified here is a hexadecimal number between 0 and F. This corresponds to a decimal i 

number between 0 and 15. | 

The external chip select it active low ano may be bused to 16 devices lone from each bank) This is also program 
mable and can be programitsed at a select or programmed open In the open mode the device is always enabled if the 
internal chip select is valid regardless of the state of the external select. 

An additional feature is the exclusive-OR option. When programmed in the gate placement deck lEXOR ■ 1), the 
MSB of the internal chip select is EXOR'ed with the CS pm The result is AND'ed with the internal and external chip 
selects to select the chip. This allows conrsection of up to 16 devices without extra select circuitry. 


EXCLUSIVE OR OPTION TRUTH TAtLE 


a 

MSB OF 

INTERNAL SELECT 

ACTUAL • 
CHIP SELECT 

L 

0 

1 

L 

1 

0 

H 

0 

0 

H 

1 

1 


Actual Chip Select * CS 0 Internal Chip Select 
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FIGURE 2 - OPERATION FLOW 










3. TMS 6100 ELECTRICAL SPECIFICATIONS 


3 1 ABSOLUTE MAXIMUM RATINGS* (OVER FREE AIR TEMPERATURE RANGEI 

Vo'tagr applied to any device pin (see Note 1 ) -15Vto+0 3V 

Supply voltage range. VoD -15 V to +0.3 V 

Continuous power dissipation 300 mW 

Operating free air temperature range 0*C to 70“C 

Storage temperat -'e range •30“C to 125'C 

* b«vond thOM lltitd undar "AbtoluM may omstm p«rm»n#nt damsg* to tba ttovka. ThU k • atrots rating ortly and 

functional operation o* tfta davka at T^aaa or any otttar condition! beyond thoae Mitad undar ttie "Aacommandad Oparating Conditioni'* 
taction of thit tpecification i» not impiiad. CHpoture to abaoluta>maR imunvratad conditioni tor aatendad parlodi may affact davice railabiUty. 


RECOMMENDED OPERATING CONDITIONS 



PARAMETER 


0'a>n supply voltage 


Substrate supply voltage 


High level input voltage 


Lon level input voltage 


Operating Ireeair ttmperatura 


NOM 

(See Note 21 




MAX UNIT 



NOTES 1 Voltage values are «w«tn raapact to 

3 Tne e<gebreic convention where the rnore rtegetive (leas positive) limit la deaigneteu •. rninimum la utad tn thia date aheet for logic 
voltege levels only 


3 J ELECTRICAL CHARACTERISTICS OVER RECOMMENDED OPERATING FREE AIR TEMPERATURE RANGE 
AND AT -9 V Vdd OPERATING VOLTAGE 
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INDIRECT ADDRESS TIMING 
FIGURE 4 


3.5 SWITCHING CHARACTERISTICS OVER RECOMMENDED OPERATING FREE-AIR TEMPERATURE RANGE. 
Vqd • - 9 V 


PARAMETER I 

MIN MAX 

UNIT 

U(MOI Accm 1>mt froni control MO 



Ml 


4. TERMINAL ASSIGNMENTS 


Vqd [] 

1 

28 

NC [ 

2 

27 

DATA ADDl Q 

3 

26 

DATA'ADD? Q 

4 

26 

DATA'ADD4 [ 

5 

24 

DATA ADD8 [ 

6 

23 

CLK [ 

7 

27 

NC [ 

8 

21 

NC [ 

9 

20 

MO Q 

10 

19 

Ml 

11 

18 

NC [ 

12 

17 

C5[ 

13 

16 

Vss [ 

14 

15 


> NC 




NC • no intwn*l connection 
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1. FEATURES 

• High quality speach at low data rata. 

• Parformanca arnt raliability o* alactronic tyttami tMiad on intagratad circuiti. 

• Cost affactiva fabrication procau - PMOS. 

• Minimum extarnal componanti. 

• Simpla external interface. 

• Low power consumption: Battery Oparated. 

• Efficient coding permitting storage of a large number of massages. 

• Suitable for synthesis of Speech and Sound effects. 

2. SYSTEM DESCRIPTION 

The VOICE SYNTHESIS SYSTEM described herein utilizes a method of speech encoding known as pitch excited 
linear prediaive coding (LPC). The speech is synthesized by exciting a time varying digital filter modelling the human 
vocal tract with a digital representation of glottal air impulses for voiced sounds, or the rush of the air for unvoiced 
sounds. 

A typical three-chip system consisting of the TMS 5100 voice synthesis processor (VS/P), the TMS 6100 ROM voice 
and the TMS 1000 family controller is shown in Figure 1. The TMS 5100 is designed to synthesize speech from a 
variable-data-rate bit stream provided by the 128K read-only memory, the TMS 6100. Up to 16 TMS 6100 ROMs may 
be used in a single system, providing the potential of storing 2 million bits, or 30 minutes of speech, or a vocabulary 
of over 2500 words. The multifunction controller, a 4 bit miciocomputer, spends very little time on speech synthesis 
itself; this is due to the simplicity of external interface required by the synthesizer. It can, therefore, fullfill easily its 
primary objective-control of peripherals, such as keyboard, displays, or sensors. 

2.1 VOICE SYNTHESIS PROCESSOR 

The TMS 5100 chip is designed for a 40-Hz frame rate (the rate at which new speech data-typically 49-bits - obtained 
from the speech ROM) and a 8 kHz sampling rate, which corresponds to a 4 kHz voice-band. A block diagram of the 
synthesizer is given in Figure 2. 

The ten-stage digital filter shown in simplified form in Figure 3 has the excitation signal applied at the input of stage 
10, and produces samples representing synthesized speech at the output of stage 1. The digital filter structure is that 
of two-multiply lattice filter, performing two's complement arithmetic with 10-bit time varying reflection coefficients 
and 14'bit intermediate results. The calculations performed in each stage are represented in Figure 4. Recoding pipe- 
line multiplier performs these overlappirsg multiplies at a rate of one every 6.25 microseconds. For voiced sounds, a 
6.25 millisecond long excitation signal is applied to the input at a time interval equal to the pitch period. For un- 
voiced sounds, the excitation has a constant magnitude and pseudo random sign. 

The 12 synthesis parameters (the reflection coefficients K1 K10, pitch, and energy) are stored in the speech ROM 
in coded form. Each parameter can assume only a certain number of values from the 2^^ available. As the number 
of allowed levels is related to the number of code bits required in the speech ROM, a compromise has been made 
between speech quality and data storage. The distribution of the number of levels land, consequently the number of 
code bits) among the synthesis parameters is given in Table 1 

A full set of parameters for each frame would require a data rate of 1960 bits.'second. In three special cases, l e . slowly 
varying shape of the vocal tract, generation of unvoiced sounds, and during an inter word or inter syllable pause, the 
data rate can be further reduced. The combined effect of these three special cases reduces the average data rate to 
only 1 1(X) bits/second. 
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In moix usci it it dtiirtble lor speech partmeters to vary smoothly from fiamt to frame, rather than be updated 
every frame period. To this and. the TMS 5100 cordains all necessary logic to do an approximately linear interpolation 
of all paranictert at eight equidistant points within each frame. 

The TMS 5100 contains an 8-bit digilal-to analog converter with one-hall LSB accuracy. It also incorporates a 36 
milliwatt push-pull speaker driver. 

The TMS 5100 has a six line control interface partitioned as follows, four bidirectional lines CTL 1 -6 for transfer of 
commands and ROM addresses to the TMS 5100. or of speech status, or of ROM data to the TMS 5100. one proc- 
essor data clock line (PDC) to transfer the data on CTL 1-6: and. one chip select (CSI line to enable the foremen 
tioned five lines. 

2.2 VOICE SYNTHESIS MEMORY 

In order to store a relatively large vocabulary in a single-integrated circuit, the speech synthesis system makes u<e of 
the TMS 6100 - a 16.384 X 8 mask-iKogrammable read-only memory. The chip features a multiplex addressing 
scheme with an internal 16 bit-address counter /register. Fourteen bits of the address go directly to the ROM array, 
while the rerrsaining four MS6's address four programmable gates to select 1 of 16 chips 


Thera are two control lines MO and Ml. and four data lines ADD 1-8. While ADD 1-8 constitute a four-bit wide input, 
ADD 8 acts also as the serial-data-output line. 
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TMS 5100 PIN DESIGNATIONS 


NO. 

SIGNATURE 

DESCRIPTION 

1 

TST 

Vttt 

2 

PDC 

ProcMior-dau-dock input 

3 

ROM CK 

ROM-clock output (160 KHl) 

4 

CPU CK 

CRU-clock output 1320 KHi) 

5 

Vdo 

Drain supply voltaga 

6 

C R OSC 

Oscillator input 

7 

R.C. OSC 

Oscillator input 

8 

Til 

Test sync 

9 

NC 

No internal connection 

10 

I/O 

Test/digiial output 

11 

SPK1 

Speaker driva 

12 

SPK2 

Speaker driva 

13 

PROM OUT 

Test 

14 

vss 

Substrate supply voltaga 

15 

MO 

Command bit to TMS 6100 

16 

NC 

No internal cor'nection 

17 

NC 

No internal connection 

18 

NC 

No internal connection 

19 

Ml 

Command bit to TMS 6100 

20 

CTL4 

TMS 1 XXX control 

21 

AD04 

TMS 6100 address 

22 

AOD2 

TMS 6100 address 

23 

CTL2 

TMS 1XXX control 

24 

A001 

TMS 61(X) address/data in 

25 

CTLI 

TMS 1XXX control 

26 

A008 

TMS 6100 addreu 

27 

CTL8 

TMS 1XXX control 

28 

CS 

TMS 6100 chip selen 
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TABLE 1 - LBC -10 SPEECH SYNTHESIS COOING 


PARAMETER 

NUMBER 

PARAMETER 

NUMBER 
ALLOWED V 

t 

amplitude 

IS 

2o 

REPEAT bit 

2 

3t> 

PITCH 

32 

3 

K1 

32 

4 

K2 

32 

5 

K3 

16 

6 

K4 

16 

7 

KS 

16 

B 

K6 

16 

B 

K7 

16 

tc 

K8 

6 

It 

XB 

B 

17 

KIO 

B 


NUMBEB or 
CODE BITS 


1 


3. TMS 5100 SPECIFICATIONS 


3 1 TMS 5100 ABSOLUTE MAXIMUM RATINGS OVER OPERATING FREE AIR TEMPERATURE RANGE (UNLESS 
OTHERWISE NOTED) 


Supply voItJQf r*ngc. Vqd (>** ^ I -20 V to +0 3 V 

Opcriting frM Sir ttmptraiurt rang* 0*C to 70*C 

Storage ttmpcraturt rang* -30*Cto126*C 


3.2 TMS 5100 OPERATING CONDITIONS AND CHARACTERISTICS IFOR COMPLETE CONDITIONS AND CHAR- 
ACTERISTICS. SEE THE DETAIL SPECIFICATION FOR THIS DEVICE) 


PARAMETER 

MIN 

NOM 

MAX 

UNIT 

Supoiy voliogt Vqd 

-S3 

-B 

-B 7 

V 

SwpOiy currtni Iq^ 


mA 

Hifh tnpwi voltaot 

-0 7» 


0 

V 

Lowf-4«i«I input woUaQt 

Vdo 


-4 I 

V 

VoU« 9 » appiito to ony input output tfiminoi 

1 

V 

OkiHOIO' frOQuOnev (fatOtnol RC) 

\ 60B 

640 

674 1 

BaZIJ 


* convention wVloro ftto ntO'O noaot'vo (tOM Ooi'livo) limit It OotignttoO ot minimum it utOO In tnit doewmont fO' lOfic voltoo* 

only 

NOTf 1 AM vilwAt w<l*i r«9*Ct tO 
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4 Tf.’S 610D SPECIFICATIONS 

i ^ T"c Ar<:OU'TF A’AXIMUV RATINGS OVER OPERATING FREE AIR TEMPERATURE RANGE (UNLESS 
OTHERWISE NOTEDI 


S-: . . V? !Jj’ H 'P' Vdd (i»» Nolf 1 1 -20 V ts ♦0 3 V 

C: i • range . O'CtoTO'C 

Sm'.. ■ ••■'•ipc'S'jK' >anof . -»‘Cio125*C 


4 2 TI.'S 6100 OPERATING CONOITIONS AND CHARACTERISTICS (FOR COMPLETE CONO(TIONS AND CHAR- 
ACTERISTICS. SEE THE DETAIL SPECIFICATION FOR THISDEVICEI 


PARAMETER 

MIN 

NOM MAX 



-•3 

-9 -9 7 

V 

S.?P . A*, f-** 

to 

mA 


-1 

0 

V 

L9A t.t 'npj' Lr**A3»* 

^OP 

-4 

V 

“ „ • - ■ .V ; 

05 


f j • s; 2 *»* c rK* 

05 

PI 


* tPij • tPt« mer# n«9«t>vt pei>t>v«i limit pMifnpiptf minimum t« w«M l«t #pcwm#n« Ipr wpllppa 

•».# I 9- t 

Nr*C 1 A .C .att to 


TMS 6100 PIN DESIGNATIONS 


NO 

SIGNATURE 

DESCRIPTION 

1 

vdd 

D'airt supply volltge 

2 

NC 

No mitrnal oonnaction 

3 

ADD1 

Address input 

4 

A002 

Address input 

5 

A0D4 

Address input 

6 

ADDS 

Address input.'Daia out 

7 

ROM CX 

Clock input 

8 

NC 

No interrtal connection 

0 

NC 

No internal connection 

10 

MO 

Commarsd bit 0 input 

1 1 

Ml 

Commarsd bit 1 input 

12 

NC 

No internal connection 

13 

CS 

Cnip select 

14 

Vss 

Substrate supply voltage 

15 

NC 


16 

NC 


17 

NC 


10 

NC 


19 

NC 


20 

NC 


21 

NC 


22 

NC 

No mterrtal connection 

23 

NC 


24 

NC 


25 

NC 


26 

NC 


27 

NC 


28 

NC 
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Speech Synthesis 


National Samicondvctof 
Appllcailon Nola 2S2 
Jim Smith 
Dava Malnrlch 
Dacambar 1900 




INTttOOUCnON 

Elactronie apaa e h etrcuHi otfar a naw dimantton ot 
•ophltDcalton to many moOam machinaa At annuncla- 
icrt tn iraina. ttavttort. oltica buiidingt. autoa, airplanaa, 
lafmmala. loya and eamaa. ate. alactronic i paich drcultt 
provtdt a mora dtract and natufti announotmant than 
batit. buzzart or itghli Wilh atactronic votoa aignalt, 
compla> d*ractlont can ba clatriy glvon in any languaga 
and with a minimum of aflon 

In tha pact, alacironic announcamtni ayatamt raquirad 
altborata lap# machaniama Thaat ayatamt wara aiparv 
tiva and troublaaoma. to thatr uta waa limitad to tha tmall 
numbar of applicationa that raquirad a pta c h tnnounco 
manta la g , talaphona announcamtnt ayatamt) Tha firat 
aINriactronic ayatamt uaad analog to digital comaralon 
ttchniquaa to coman actual voica into digital aignalt 
Thaaa digital tpaach aignalt wara than ttorad at PCM or 
dalla modulation aignala m tamioonductor mamorlat 
Tha ma|or problam with thit arrangamant waa tha 
rr<aaai«a mamory raquirad tor a modaratt amount of arv 
nouncamant tima Ona tacond of digital tpaach, In thia 
configurtlK..., raquirad trom tea to WOli bllt of mamory 

Tha lataat toiution to afoctromc tpaach la knoam at 
tpaa c h tynthaala Thit tachniqua providat a dramatic 
reduction In tha mamory raquirad lor ona tacond of 
tpaa c h Mamory raquiramantt rangt from 400 bitt to 2COO 
bitt par tacond dapanding on tfi# datirad tpaach attn- 
butta and ovarall quality Tha tynthatizar tachniqua takat 
advantaga of tha fact that tpaach aignalt art highly 
radundani and pradictaMa 6y coding only tha alowly 
varing coafficianta of tpaach or by dramatic compraaaion 
of digitizad tpaach. aignificant bandwidth raductiont in 
tha digitized trgnal can bn raalizad Thaaa tachmquaa, 
coupiad with LSI aamlconductor tachnology. maka true 
voica tynthaait practical 

Tha Nat lonal Samicbrtductor tpaach procaator chip (SPC) 
providat tha complata tpaach tynthaait reproduction ctr- 
cuitry naadad to ganartta high quality and natural tpaach 
(male, lamala or a child't voice), electronic lonat or mualc 
A complete chip tat la called the OtGITALKEfT* It coiv 
aiatt of tha tpaach procaator chip and a t paa c h HOM Tha 
tpplicaliont lor thit chip eat are andlatt. but to name a 
law 

Voica iniaraclive computer larmlnala 

Automotive, nautical and aaronaulicai inalrumaniatlon 

anruinciatora 

Voicaback unlit lor banking, waatha: and lima 
arwKMncamania. antwenng machinaa. ale 
Ciavaloit. Iraint. tubway aytlame. ate 
Conaumar appiiarKaa. loya and gamaa 
tNammg tyalama lor lira and poHca amargancy 

All of lhaaa applicaliona banafil from the lowar overall 
coal, high laiiaoiiity. aicaliant partormanca and laal con 
Irol raaponaa afloidad by tha National Samiconducior 
OfOITALKEA’“ tyalam Tha ramamdar of Ihia note will ba 


devoted to a datcription of tha MMS4104 SPC, the lacfv 
nlqua uaad to aynthaalza t paach and finally a review of tha 
ma|or DfOITALKERTM applicaliona 

Mf ECH ■YNTHESM 

Tha baalc phonotoglcal ala m ant of t paa ch la tha 
phoTiama Tha phoneme rapraaantt a aimple aound that 
by itaall cannot dIatlX' diffarani worda Phonamaa. 
together with apaakar Imlacllon, voluma. amphaala, etc. 
t'a the lundamanial buHdmg blockt of tpaa c h Tha overall 
q lality of any t paa c h tynthatizar. tharafora. la directly 
controllad by Ita ablllly to talthfully raproduca all of the 
nacastary tpaach atirlbutat and not |uat phortama 
reproduction 

Tha common Amarlcan Engilth langur.pt conaittt of ap- 
prokM-nataiy 39 to 40 phonamaa — 14-Ib /owal aounda and 
24 conaonani aounda Each phonama It ganarttad wHh 
either a volcad aound. at In "aya", or an unvoicnd aound 
Ilka tha ah In "thy" Thia diffaranca bafwaan a volcad and 
unvolcad aound la vary Important bacauaa tha unvolood 
aounda art ganarally lawar In numbar and laat dapandani 
upon the phyalological characterlatlct of the apaakar A 
tpaach aynihaaiiar. n lur it out, can aiplolt IMt important 
diffaranca Finally, normal tpaach rataa are approalmata 
ly to to ts phonamaa par aacond (includix aliarKia mtar- 
valai Since lS-40 phonamaa can ba coded ualx 9 Mtt, the 
rKxmal tut rata tor phonama reproduction la approilmafa 
ty 00 to 00 bita per tacond Thit bit rata, however, containa 
only phonama Intormation which It only ona of tha many 
important tpaa c h attributaa 

SInca phonama reproduction la a baalc alamant m any 
apta c h tynthatizar. an undaratandlx of phonama oorv 
atruction would ba uaaful S pee ch tynthaait modaia uta 
two drivix funetkme. an impulaa aourca for volcod 
aounda and a nolaa aourca (Mat nolta) for urwoload 
aounda Each of thaaa drivlx algnaia are tlltarad Into 
apaclflc IraquarKy banda or formantt by timavarylx 
flltara Tha not raault. lor any particular tat of valid flltsr 
ooafficlantt. it a formant aound In the human vocal tract 
ayatarri. the drlvix function coneltit of the lunge at the 
energy tourua. and tha vocal oorda for ganaralix ■ volcad 
aound Tha drlvlx function lor an unvoicad aound mliaa 
on the noiaa ganaralad at air ruahat through tha vocal 
chambart and not on vocal cord vibrallona Tha formantt 
art than ganaralad by the raaonant chambart of tha 
throat, mouth and naaal cavltlaa By oo 'rolllx It* 
phyalcal nature of thaaa chambart with mouth poaillon. 
longue poaillon and throat orllica tiza. a apaakar can oorv 
irol tha formantt to ganaralt a phonama It ahould ba 
iKMad. however, that lormania are lOanilliad by ditlincllva 
frequency banda Tha unvoicad aounda do not ganartta 
maat dlatmetiva banda and tharafora do not naccaawtly 
raquira tha "iwrmar Icrmantt lor a lallhlul reproduction 
Thaaa aounda are characlarizad by a nolta or Mat with 
vary little raaonanca Thia unvoioad raaonanoe w normally 
Idanliliad at a tricallva lormani |a.g . tha "ah" aound) and 
la characlarizad by an unuaually large oonlani ot high 
fraquanciaa 
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A fonnint-bAa». spMch tynthMizar, m dMcribad pr» 
vioualy. «ouk) normally uaa at Maat thraa formant tillarti 
lor volcad sounda and ona lormartt llltar lor fricativa 
sounda. An additional raaonanca. callad naaal raaonattca. 
may ba mcludad but no dynamic lormani function la uau- 
ally aasociatad with tha naaal raaonator. For tha synthaata 
of a normal En^Msb vowal using a mala volca, tha thraa 
baaic lormania would lall Into tha approximata f'aguancy 
bands of 2(X H2 to aOO Hz. 900 Hz to 2300 Hz and 2400 Hz to 
3000 Hz. I'ha Incativa lonpvit la typically a pulaa cl high 
frequarcy noisa In tha band from approximalaiy 2S00 Hz 
to 9000 Hz. with tha highar Iraquancy fricativas iika "th" 
usually much lowar In ralativa amplituda whan comparad 
to tha "sn" fncatlva sound. 

Tha basic formant synlhaalzar raqulras iormani llitar 
coalfician' data, amplituda control data and driving func- 
tion control data. This minimum systam couM synthas>za 
spaach. but arould not control mflactlon or amphasis Its 
quality, tharalora. can ba vary disappointing. Normal 
msmory raquiramanta for a minimal systam ara approsl- 
mataly 400 bits for ona saccnd of spaach. 

A sacond approach to spaach syntnaals doas not auto- 
matically break speoch into its minimum phonological 
elements Instead, the spaach waveform is sampled, digi- 
tized and compressed by the alimlnallon of symmetrical 
redundancy and silent intervals, the use of adaptivo delta 
modulation, and the adjustmant of phase information in 
tha digitized vpaach. in this way. spaach elaments can pa 
synthesized as phoremaa, phoneme groups, words or 
even whole phrasiM. Also, tha attributes of tha original 
speaker can be maintained It tha aynthecizad elaments 
are not broken down . ncorrectiy (l a., inflection can modify 
tha sound of a phoneme if It occurs at tha and of a word or 
phrasa rstnar than at tha bagirning). 


In a spaach compression system, unvoiced sounds can ba 
standardized. During tha compression algorithm. Ilia 
voiced and unvoiced sounds ara separated and the voiced 
sounds are compressed Unvoiced sounds, however, are 
compared to Ihe available sounds and synthesized by 
substitution. This approach la succussful because un- 
voiced sounds have vary lew speaker delinad charactaris- 
tics. As a result, a relatively small set of unvoiced sounds 
can be used repeatedly 

This spaach compression technique offers sxcsnant 
quality at a low data rats. Tha synthesis of a mala voice, 
using English, will usually 'aquirs an average of fOOO bits 
par word. Because ths technique can ba applied to any 
voics fraquen :, signal, it is also capable of synthesizing 
womar.'s and children's voices, music and tonas. This 
flexibility, plus tha realistic quality of the synthesized 
spaach. make this tschnique vary rttractiva. 

THE NSC SPEECH PHOCESSON CHIP (SPQ 

Tha National Semiconductor speech synthesis system 
consists of tha SPC device plus the *peech memory |ROM) 
laqulrad to assemble a complete OIGITALKER'** kit. To 
this kit a customer must add a clock input signal or the 
necessary oscillator components, an audio filter and 
amplifier and tha control circuit function. This would 
represent the minimum configuratic' shown in figun 1. 
Ths maximum amount of directly addressable speech 
memory accessible by Ihe SPC is I28k bits, but external 
page addressing by the control circuit function can In- 
crease this RCM field as required 

Ths SPC ulillzea the speech compression synthesis 
technique. As mentioned earlier, this technique reduces 
tha amount of memory needed to store electronic speech 
by removing tha excasa or redundant data from the 



FfOU RE 1. OiarrALKER'* Minimum Configuration 


78 


t 



•pMcr signal The tou' mam techniques to perform that 

task are: 

V Elimination of reOundent pitch periods 

2 Adaptive delta modulation codmg to mmimue oand 
width and memory requirements 

3. Phase angle adjustments to create mirror image 
symmetry 

4. Replacing the loe level ponion ol a pitch penod with 
siience (hallpenod aeioing) 

Natioriai Semiconductor uses an elaPorale compute' pro- 
gram to analyze a high fidelity tape recording and gene' 
ate a ROM pattern that mil tailhlully syn|hes.ie the 
original voice message 

figure 2 contains a block diagram cl the MMS41CM SPC 
The eight-bit start address bus allows up to 2S6 separately 
defined eounds or esprassions to be stored m the speech 
ROM The control interface to the start sodress port can 
take the form ol decoding logic, a MICROBUS'** port o> 
mechanical switches 

When the ^ goes high, the start address code is loaded 
into the control word address ragister The SPC uses this 
control address to letch •he control word from fWM for the 
first block ol speech da's The control word contains 
waveform informai-on repeal information and the ad 
dress of the speech data This address is toaded into the 
phoneme address register and is used 'o fetch the speech 
data used to recreate the soeech wevelorm Belore the 
synthesis takes place, the waveform dcia must be decod- 
ed to provide information such as mala or lemaie. voiced 
or unvosMd. hall-period zeroed or not hall-piriod zeroed 
andalienca. 

The unsyntheslzad wavelorrr. lor a typical voiced pitch 
period migh i look 'ika the signal shown in figurt 3a In the 
process of converting this Signal to a synthetic form 
several operations are performed. First . the phase delay of 
me signal can be adjusted to create a symmetrical 
waveforrp about the center of me P'tch period as shown in 
figure 3P The neat step will replace the low level begin 
ning and ending quarters of the waveform with silence 
if rgure 3c) The raeult It a compression factor of f to 1 on 


the original voice data Now. delta mooulslion is applied 
and the results are shown in Figurt 3c Synthesis ol the 
wsvetprm starts with a pe'ioc ol silence (no speech dels 
required;, a quarter period of adaptive del's modulation 
generated speech followed by the ssms speech data 
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(•tchwl In rtvars* Finglly. lha SPC will linish last 
quanaf cycia ol lha spaach block panod with ailanca. Thia 
phasa inodiliad spaach data sounds tha sama as lha ongk 
nal spaach. 

At lha and ol a wavalof m oi spaach block, tha SPC makas 
a dacislon about repaallng tha saquanca Each navelorm 
of a typical volcad signal may ba rapaatad an avaraga of 3 
to 4 timas. Tha typical unvoicad wavetorm may ba 
rapaatad approximataly 7 to 8 timas. Onca tha propar 
numbar ol rapaais has baan genaratad, the SPC will begin 
a new spaach block saquanca This oparatlon continuas 
until the SPC has axacutad all control words associaiad 
with lha original alght bit start address coda. 

SPC spaach signals ara storad as adapiiva delta modula- 
tion data. This encoding technique exploits tha relatively 
pradictible and slowly changing charactaristic ol voiced 
speech. Because ol tha small ditlarential between succes- 
sive spaach samples, a delta value rather than an absolute 
value can ba used to datarmina tha actual speech signal. 
Addition ol tha delta va'ua to previously accumulated 
values will result in a new output wavalorm signal level An 
adaptive technique is used so that the delta step size can 
change in response to slope variations. This technique 
uses multiple della modulation step sizes loobtam a mors 
accurate resolution and yet. the required amount of storud 
data remains lower than the information raquirad tor a 
mors conventional encoding scheme. 

The internal SPC clock is derived from a programmable 
frequency generator Variations in the frequency of this 
clock, through tha control word, allow the SPC to add a ris- 
ing and falling pilch to speech sounds and syllables This 
derived pitch variation adds a natural inflection to Ihe syn- 
thetic speech 

Just as pilch variations are used to increase realism, so 
must Ihe SPC use gain variations. Both techniques are 
controlled by data stored at the beginning ol a speech 
block and the programmable oscillator and output ampli- 
lier circuit blocks ol tha SPC. 

Use of the OIGITALKER^ Is quite straightforward and will 
be outlined m the next section. However, a point on appii- 
cation that must be covered in this note concerns the 
frequency response ol the output speech. Tha ultimate 
quality ol the DIG1TALKER’“ will strongly depend upon 
the filter, amplifier and speaker choices made by the user. 
For that reason, it is important to understand the output 
characteristics ol lha device. 

Because me synthesized speech data is derived f'om a 
differentiated and sampled input s.giial. it is necessary to 
pass the output waveform ol Ihe VMSaiOa through a low- 
pass filter with a cutoff frequency of approximately 200 Hz 
and an attenuation characteiistic ol 20 dB/decade This 
compensates for Ihe high frequency pre-empnasis used m 
me synthesis technique If me system ol interest has a 
natural rolloff near 200 Hz. this low pass filler can be 
eliminated The important item is that the entire audio 
system should have a cutoff frequency of approximately 
200 Hz The placement ol the cutoff frequency may ba ad- 
luslsd for lha particular type of voice being synthesized A 
low pitched man s voice might sound better with a 100 Hz 
cutoff point while woman a and children s voices may 
snow improvements with a 300 Hz cutoff Figure aa snows 
a filler and amplifier circuit lor this minimum freoueryty 
'esponse characteristic 

I As an example of how the overall frequency response of a 
particular application can minimize me need for extra 


llltsring. consider the OIGITALKER’** as a voice an- 
nouncement circuit in a telephone system. 

In this case, tha telephone network provides a natural 
attenuation to high frequencies that balances the SPC 
high frequency pre^mphasis As a result, the low-pass 
filter previously mentioned can be eliminated. However, 
because signal Ireouencies above 3 kHz must be attenuat- 
ed before they are allowed tc pass into the 'eiephone net- 
work. a cutoff filter of 3400 Hz may be required m place of 
the previously mentioned 200 Hz 'ow pass filter A good 
filter lor this application is the National Semiconductor 
AF<33 active filter 

In addition to the 200 Hz to 3400 Hz low-pass filter, an extra 
stage of littering can be used for frequencies above 7 kHz 
This filter IS options' and is normally only used to further 
'educe sampling noise Most systems can omii this 'liter, 
especially if the overall system bandwidth is not very wide. 
A seccrtc optional filter can be included to lunit the overall 
low frequency response of Ihe system This high-pass 
filter would normally cutoff below 200 Hz ladjusteo to 
match the 200 Hz low pass if provided) This h gn-pass 
filter limits 'ow frequency noise, and can usually be omit- 
ted if system characteristics do not require this funclion 
A circuit having the full frequency response c. laracterisnc 
IS shown in Figure 4b Figure 5 shows the recommended 
overall speech synthesis system Irequency response 


APPLICATIONS 

While the variety ol synthetic speech applications are 
numerous, the actual implementation in any single ap- 
plication IS usually limited to one of me 'oiiowmg tnree 
techniques: 

(a) Single channel, hardware control logic 
lb) Single channel, software control logic 
ICI Multichannel hardware or software control logic 

Each of these circuit approaches 'or me SPC will be 
discussed in this section Particular emphasis will be 
placed on items |b) and (c), however because of me broad 
application possibilities for these two techniques 

Certain applications require a relatively small number of 
sentences or announcements with very htt'e similarity 
between the different sentences An example of this appli- 
cation might be a talking elevator controller where Ihe 
messages are brief and non-redundant (eg. going up. 
first floor, second floor" etc i. in tn s jcpi cation, cedam 
words are used repeatedly but the number of messages is | 
limited and the length of each message is snort This ap- I 
plication and others just ike -I do not require the 
assembly of short phrases nto complete sentences, nor 
do they require a dynamic message structure as would be j 
required with an automatic ca'* ’ei'er e g , your ci‘i''ge 
IS ten dollars ') where a monetary amount may c*'ange 
from message to message Tn s ii,ed message accica 
t'On. therefore, may on'y -equi-e me minimum control 
circuit as shown m F gure 6 

In Ftgun 8. Ihe SPC 'ecewes a separate coded nput tor 
each complete sentence or message mat -s srntnes.zed. 
This input code is received by the SPC through the 5 W i -8 
port. 

The circuit shown -n F.guve 6 uses a mechanical switch 
group to interface fne SPC wnue -ne f g^'t ? circc' vses 
a hardware lOgic controller to -npui tie coded message 
control date 
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Atttr lh« prop*' mcttapt ((M'Ms ii nlablishpd on |h( 
SW 1-4 port. • mompntary pulaa muai ba applied to the 
WR line It tbit Signal it applied «ntb a montentary action 
twitcb, at tbown m figurt 6. Iben an taiefnal puH-uP le 
aittoi tbould be used to puH tbe ^ line op to logic bign 
and complete me on-cbip twitch debounca circuitry The 
^gttted value o' Ibit rttistance it one megohm Tne 
^ input signal will latch the coded message address into 
the SPC on the rising edge ot ^ and initiate the synthetic 
speech massage Since each complele message uses a 
unique address code ot the SW t -4 pod. no turther control 
action IS required atter this point The SPC will synthesize 
the requested message and return to the idle stale I' a 
new Input command aignai is received, either during or 
after a massage is synthesized, the SPC will immedialeiy 
abort the currant massage and begin the new one The cir 
cull In figurt 7 ahpws a lock-out circuit to prevent the 
aborting of a currant message so lhai messages must be 
completed before a new message can be initiated 

In figure 7. a rrressage Is initialed whenever a valid code 
word IS applied to the eight bit SW t -8 port of the SPC The 
valid code is detected by the combinational logic decode' 
and timed to inaurs all transitions have died Once the 
valid coda is limed an S R latch is set and a rising 


edge IS oenetaieo to sia'i the SPC This lalch cucu'i a'so 
prevents lelriggenng of the SPC until alter the p’esfni 
speech message is completed Once the synihes zec 
message has endec the SPC will set me INTR line tc the 
logic one stale and a resel pu'se will be gene'Sled to lesel 
the lock Out latch A new speech message can now be 
sts'ted Pv mcme-l*' ly apr'y'g s" idle add'ess code 
loMowed by a valid code on me StV l-8 input port 

The SPC will directly address up to t26k bits ol speech 
memory figure Be shows a typical speech ROM con 
figuration ol i2Bk using iwoSati ROMs The types of ROMs 
used have mask programmable chip s-jiects Iherc'o’e nc 
aura decode logic is required for memor/ requirements o' 
less than i?6s Although this memory size is usually su'li- 
cient for most applications certain systems may require 
added speech ROM sddiessmg The circuit in figure Bt 
shows how the speech ROM ol an SPC kit can be anpand- 
ed in t28k bit pages or modules Each page is arranged to 
contain a complete portion ol the entire speech library fo' 
a particular system Each single speech data block, as 
addressed via me start address port of the SPC. must be 
contained within one ROM page No page boundaries can 
be crossed during the synthesis of a speech eipression 
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Whil* tht simpi* control dltcuitod to (v can ba 

utad In many apphcationa. a tar mora important group ot 
applications will taka advantaga ot tha SPC'a ability to 
construct santancas from s group ot words, sounds and 
pbrasaa. This typs ot spplication usas an intalllgant corv 
trollar or a microprocassor to string logatnar a group ot 
synthaaizad pnrssas to torm a compists santsnca. Tbs 
siactronic bank tsilar. prsviously msntiorrad, is a good 
aiampls ot tbis application. Tba microprocassor controls 
tba stringing ot SPC coda addrassas and appnts ibam, 
ona at a nma, to tba SW t-8 port ot tba SPC Hanosbaks 
timing batwasn tba microprocassor and ;ba SPC is pro- 
nidod witb tba INTR llna. Tbis microprocassor irtartaca 
arrangamant is known as MICROBUS "* and tba contlgur- 
ation IS shown in hgurt 9 

Tbs usa ot a microprocassor control Isr sipartds tba varsa- 
tility ot tba SPC trtmandousiy Msssagas that ara com. 
posad ot numarlcal rssponsas or tiusd pbrasas in random 
saquancs can ba aasily constructsd trom a library spaacb 
mamory In addition. >anouS lonss or warnings can ba syn- 
Ibasind and addad bators. during, or attar an announce 
mant to idontity tba urgancy ot aacb massags For ansm 
pla. an automobila msssaga may slats Ibat oil prtssurs 
IS low " Aions. that nrassaga may only ir>san mat prsssurs 
bas droppad but no immsdiaia naiard susts It. bowavar. 
prtssurs has droppad bslow a critical valus. lbs msssags 


could ba compoundsd to say ‘warning, oil prsssurs Is low, 
pull ovar and stop tba angina" In Ibis lattsr cssa, pbrasas 
ot bigb urgancy ara addsd to tba initial msssags to irv 
craasa us lavat ot impotancs. Ot courts, tba tacond 
massaga it not complatsl.r saparals trom tba tlrsl but It. 
inslaad. an sipansion ot tbs Ural. Tbit iscbniqua allows 
tswar input addrsss codas to initiata a largar numbar ot 
msssagas witboul assigning a scoarats addrsss coda tor 
sacb massaga and tor sacb ot its dsrivativaa This would 
ba particularly important to an siactronic bank tailor 
sine* i Iwgs numbar ot monalary amounts mutt ba tyrv 
tbasiMd tor a ralalivoly small numbar ot tmisbad 
santancas. 

Wban prsparing a spaacb ROM tor an SPC tbal will syntba- 
sm wbols santancas trom groups ot pbrasas. it is impor- 
lani to nets tbs dstirsd intlscliona Tbs SPC bat iba abili- 
ty to syntbosiis all ot lbs important spaacb allnbutst 
including pitch and gam variations, smpbasis. intlsclion, 
ate. This isads to vary high cuahty litaiiks synibstic 
spaacb It lbs stringing ot pbrasas doss not rssult in an 
artiticial smpbaaia or mtioction. It is important to cbooss 
pbrasas carstully snd to rscord Ibam with Iba sttributa 
rsquirsd tor a rsalistic ssnisnea string Tbs stringing 
ot pbonsmas should bs avoidad wbanavor possibis ba- 
causa tba natural mtlsction is usually lost in such an 
arrangamant. 
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FIGURES OIQiTALKER'** with Microprocassor (MICROBUS''*) Inlsrlscs 
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A low cost Inlolligtnt controllor (or th« SPC It ont ol (hi 
COP400 Mfiot of microcontrollori Figun 10 tlrowt on* 
potiibl* •rring*m*nt ol *n SPC tytttm and a COP420. 
Th* COP provid** all ol lha advanlagat attociatad witn a 


a aingl* channel SPC arrangomant But an anilraly dll 
larant group ol product* could taka advantage ol a mullh 
pi* channel approach lo raduc* th* ROM raqulramantt. 
Thit group ol product* includai multiple elevator con- 
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shown in Figun 12 During ((ch chinn«l porioC ol 2 i>i. «n 
SPC oulpul (ddrtst If prfunttd lo lh« ROM addreis in- 
put port HI* * pan ol octal TRI-STATE’ bus drivart Altar 
ona mS. lha data from iha ROM n clocKad mto lha 
channal's octal data latch, lha oulpul ol which is con- 
nectad 10 lha -SPC ROM data input port Tha ramaimng 1 
ol each channal cycia if providad lor Dus settling time 

Whan tha speech library ROM is shared Over rnany chan- 
nels. the actual number ol shared ci'anneis is controlled 
by the MMSatOa SPC memory cycia timing Bacsusa lha 
channal scanning is asynchronous to tha SPC cycle tim- 
ing. It IS necessary lor each channel to be scan ned at least 
once during the high interval ol the ROMEN signal As 
shown in Figurt 13. this signal is high lor at least 20 »s ol 
each memory latch cycle Thus, a scanning rate ol one 
channal every I6 uS will insur e mat e ach channel is 
scanned at least onca while the ROMEN signal is nigh 

Ona llnal note is necessary about the contiguration m 
Figur 0 II. Simple modil'cations to lha counter and 
decoder circuitry would allow this circuit to handia smtean 
channels A lour-lma to sulaen-iina decoder would 
replace the three to eight decoder and the clock would 
directly enable the decoder during the 'ogic lew clock 
period All sintaen channels would be scanned every 16 nS 
and lha scan interval tor each channal would be one — 


one-halt es ot memory access lime and on»hall »s ot bua 
guard lima 

The last multichannel circuit la shown in Figur* 14. This 
scheme reduces the number ot wires needed between the 
speech ROM and each SPC channal By multipleaing 
address and data over the same parallel bus. tewar wires 
are needed This approach is panicuiariy attractive when 
each SPC channel is located on an individual circuit card 
A telephone central ollica or °ABX announcement system 
If a typical snampia ol a channel per card arrangement. 
Figurt 14 represents that type Ol system. 

As shown in Figurt IS. each channel ol the unitied bua 
approach is scanned tor one iis. As many as sndeen chan- 
nels. therslors. can a scanned during the ROM^N high 
cycle ol any SPC During each channel scan, tha bus is 
gated 10 transmit the ROM address to latches on the ROM 
circuit board The address is sent in two bytes Attar a brial 
delay ol one-hall »s. tha bus is gated to return tha 
reouested ROM data to tha same SPC channet This data 
IS then latched on tha SPC channal card This scheme la 
very straighHorward It eichanges reduced mtarconnact 
wiring tor additional logic circuits. 

To minimita mtarconnact wiring when using a unitlad bus 
structure, the SPC control logic would probably be con- 
tigurad on i per channel basis The COP microcontroller. 
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multichannel user 
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^ National 

Semiconductor 

MM54104 DIGITALKER^** Speech Synthesis System 

Qtn«ral Description Foaturts 


D*eamta> 1W0 


Ttit OlOITALKER It t tpMCh tynthttii tytttm contitling 
of mullipit N-chtnntl MOS inttgrtltd circuits. It contamt 
an MMS4I04 tptacti procaitor Chip (SPCi and tpaacn 
ROM and arnan utad with aitamai illiar. ampllliai. and 
tpaakar, producaa a tyatam wtiicn ganaratat niett quality 
apaach including tha nalural Inllaclion and ampnatit ol 
mt original apaa c h Mala, lamala. and chlldran't voicat 
can ba tynlhaaixad 

Tha SPC communicataa wlin lha apaach ROM. which con- 
tains Iha compraatad apaach data as wall as lha iraquan 
cy and ampllluda data raquirad lor apaa c h output Up to 
126ii bitt ol apaach data can ba diraclly a c caaaad This 
can ba aapandad with minimal antarnal logic 

Wilh tha addition of an antarnai rasiatoc. orvehip da 
bounca It providad lor uaa with a twitch Iniartaca 

An intarrupl la ganaratad at tha and ol aach apaach aa 
quanca ao that aanarai aaquancaa or words can ba 
caacadad to form diMarani apaach »praationt 

Encoding (digitizing) of custom word or phrtta Halt must 
ba dona by National Samiconductor Cuatomara submit to 
tha factory high quality racordad magnatic raal to raal 
tapai containing tha mrorda or phrataa to ba ancodad 
National Samiconductor will aall kits contitling of lha 
SPC and RONItcl containing lha diglllzad word or phraaaa 


■ Oaaignad to ba aaaliy Intartacad to moat popular 
microprocataort 

■ 296 poatibla addraaaabla aipraaalona 

■ Mala, lamala. and ehlldmn'a «o«ooa 

■ Any languaga 

■ Natural inllaclion and amphaala of original apaach 

■ Addraaaaa t28k of ROM diraclly 

■ TTL compatibla 

■ MICROBUS^ and COPS’** oompatibla 

■ Orxhip aarileh dabounoa lor Intarlacing to manual 
awitchaa indapandani of a mtcroprooaaaor 

■ Eaally aipandabla to graalar than ISk ROM 

■ Intarrupt capability lor caacading words or phraaaa 

■ Crystal controilad or aattmally driyan oaclUator 

■ Ability to atora aiianoa durationa lor timing aaquancaa 


Applications 

S Taia c ommunicationa 

■ Appiianca 

■ Automotiva 

■ Taaching aids 


■ Conaumar products 

■ Clocka 

■ Languaga translation 

■ Annunciatort 
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Absolut* Miximum Ratings 


Slorag* T«mp«fatura Rang* 
Oparating Tamparatura Ranga 
Voo-V„ 


-66*Cto » ISO’C Vo<tagaal AnyRin 12V 

-aOXtotS*C Opa<atlngVollagaRanga. Voo-V|a TV to 11V 

1ZV Laad Tamparatura (Soldaring, 10 aaccnda) 300*C 


DC ElSCtricai Chsractsristics T* ■ 0*c lo TO'C. Voo • TV-h v. • OV umast omarwiaa aoaciiiad 


Paramalar 

Conditlona 

Input Low Voilaga 
Input Low Voltaga 

T, ■ - aO'C lo 85 *C 

Input High Voltaga 
Input High Voltaga 

T* . - aO'C lo 85 'C 

Output Low Voltaga 

« 1 6 mA 

Output High Voltaga 

lou« -100^ 

Clock Input Low Voltaga 
Clock Input High Voltaga 
Clock Output LOW Voltaga 

Typical Crystal 
Conliguiation and tOM 
Load on Pm 2 

Clock Output High Voltaga 

Typical Crystal 
Conliguration and tOM 
Load on Pm 2 

Powar Supply Curranl 
Powar Supply Cu'ranI 

T. . -ao'CloSS'C 

Input Laakaga 

Clock Input Laakaga 

Silanca Voltaga 

Paak to Paak Spaach Output 

> 

■ 

s 

> 

Eilainai Load on Spaacn 

Rfi* Connaciad Ba'wean 

Output 

Spaach Output and v^5 



AC Electrical Characteristics >0*C to TO'C. Vqo • TV-1 IV Vji a OV unitsa oinaoaiaa tpaciliad 



Paramalar 


CMS Valid lo Wfila Sl'ooa 
Cnip Saiaci ON to wma St'oba 
Data Bui Vai'd to Wriia Stroba 
CMS Hold Tima attar Wnta Si'oba 
Data Bui Hold Tima attar Ai>ia Si'oba 
rvnia Si'ooa wmin rS0*» Pomii 
ROMEN ON to Valid ROM Ocia 
Wiita Stroba to Spaacn Output Daiay 
Erlarnai Clock r'aquancy 


**oi« Rite en0 *sii rimeaitOS to tOSlo* MiCROtOt siorra'S *Aow«0 be 90n* 
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ConrMCtion DlagramS(Oontinu«9(Vcc>4 tsv-s^v) 



DuaMMJw raekaga 



DuaHifrUna Paekaga 

ai — 


N 

— »ct 

AI — 

u 

»• — 


Hu 

AI — 


AI— ' 



AI — 


AA- 


J1 — 

— CO 

AA- 


AI— 


— oi 

AI— 


AI — 

Mine 

— Alt 

^Oi 

AI — 



AI — 


AI — 


A* — 


1? 

— 00 

AI — 


01 — - 


ifT 

ot — 


01 — 


Hu 

01 — 


0) — 


Hu 

01 — 


CM — 


Hu 

6M — 



TOf tma 



,«r«KB 


m 



13k 


Dual-livUna kackaga 



DuaMn-Una Packiga 

A7 — 

u 

H 

AI — 


AC — 


n 

— AI 

AI — 


AI — 


Hu 

AS — 


AA — 


ii... 

AA- 


AJ — 


2.0, 

AI— 


A2 — 


2..,. 

2..,, 

Al- 

NH220A* 

AI — 


ai — 


AI — 


2-u. 

AI — 


01 — 


2-., 

01 — 


02 — 


Hu 

02 — 


01 -U 


— 01 

0) — 


CAO — 


2.9. 

600- 



TPFVtf* 



roA v(i« 


S4h 



*Futura proowcl 


For »&iCific AOM Oovtco •nformotlon. mo MM2132. or MM92264 itta aftaott 



Functional Description 

Tlw following dotchbes th« function of oil SPC Input in<1 
output pint 

Note In tne following Mscnptions ■ low rtprtsents a 
logic 0 (0 4V nominal), and a high raprasants a logic 1 (24V 
nominal). 

INPUT SKiNAlS 

CMp Satact Tha SPC la talacted wtian & it low It la 

only nacastary lo nava & low during a command to ICia 
SPC It It not nacataary to hold £s low toMha duration of 
tha tpaach data. 

Data But (SW 1-4^ Thia la an S-bit parallai data but arhicn 
'jontalns tha ttarting addrass of tha tpaach data Unusad 
ir^Mta mutt ba tiad to Vgg. 

Com m and l ala c i (CMS*: Thit llna tpacifiaa tha two com- 
mandatctl-aSPC. 

CMS Function 

0 Ratal Intarrupt and atari tpaach taquance 

1 Rasat Intarrupt only 

Wilta Streba (tVK); This llna latchas tha ttarting address 
(SW1-SW8) into a ragister On the rising adge of the t^. 
tha SPC starts axacution of tha command apacifiad by 
CMS. Tha command taquance is shown in tha timing 
wairaform taction. If a command to atari a new tpaach ta- 


quence la Issuad during a tpaach taquance. tha new 
speech taquance will ba titrtad immadiataly Whan cor>- 
nacting t^ to a twitch la mutt ba a tingle pda 2 potitlon 
twitch at shown on page 1. 

ROM Data (RDATA I'd): This it an 8-blt ptrailel data bus 
whicfi contains tha tpaach data from the speech ROM. 

OUTPUT SIGNALS 

Interrupt (INTR); This signal goes high at tha completion 
of any tpaach taquance It it rasat by the next valid com- 
mand ft It alto ratat at power up 

ROM Addratt (ADR D-ADR 13^ This It a 14^t parallel 
bus that suppiiat tha address of tha tpaach data to tha 
tpaach ROM. 

ROM EnaMa (ROMEN^ For low power applicationt. this 
line car* be used to drhra a translator that twitches tha sup- 
ply for static tpaach ROMs. See ROM data timing. 

S paa ch Output ( S pea ch Out): This Is tha analog output 
that represents the speech data See frequency response 
taction 

INPUTfOUTPUT SIGNALS 

Clock InputfOutput (OSC IN, OSC OUT); Theta two pins 
connect tha mam timing rafarance (crystal) to tha SPC 


Appiications information 

Fraquancy R aaponaa of Combi nad Ampllltar and S paakat 



raiouiacrnai 


Note 1: This curve Is the dasirad response of tha entire audio system Including speaker 
Minimum response Is a low pass filter with a cutott fraquancy o( 200 Hz For an audio system 
wt’h • natural cutoff fraquancy around 200 hz, this filtar can ba atimlnated This cutoff tra- 
quancy may ba tuned lor tha particular voice being synthesized. For a low pitched mala vdca 
It may be 100 Hz. while lor a high pitched famai« or child's voice It might ba 300 Hz. 

Note £ This Is optional llltarlng that can be allmlnalad by proper talactlon of tha speaker. If 
this 2 pole raspo.-isa is atactronlcslly produced, it should ba adjusted as described in Note 1. 
Nate 1: This is optlortal llltaring that can ba alimlnalad for slmplar syatama. Tha accaptabla 
rartgt tor this cutoff fraquancy Is 800 C Hz-dOOO Hz. 


S 
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Typical Appllcatlona (Contlnuad) 


Mlntmuni Flllar Clfcun 

’M 



* LUMA CM 


FHIar CbcuH ta Produo* Mailimini Fivquancy RMponM 

•m 



OIQITALKER™ Syttwn UIHlztng MICROBUS’'* InMrIte* Low Powor Conllgutillon Uti.ig Static ROM 
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^ National 

Semiconductor 

DT1050 DIGITALKER^^ Standard Vocabulary Kit 

Q«n«ral Description 


Dacamb*' 1980 


Tha DtClTALKER^ la a apaach tynthaala tyatafn eofv 
tisting ol tavarai N-channal MOS iniagrttad circuits It 
contains a spaacn procasaor chip (SPC) and apaach ROM 
and whan uaad with axlarnal liltar, amphtiar. and spaaKar, 
producaa a ayatam which ganaratas high quality apaach 
Inrijoing tha natural Inflactlon and amphasla ol tha 
original apaach Mala, tamale, and chlldran's voicss can 
ba aynthaaiiad 

Tha SPC communicataa with the apaach ROM. which con- 
tains tha comprassad a paa c h data as wall as tha Iraquan- 
>:y and amplitude data required for apaach output Up to 
l.'>eii bite of apaa c h data can ba directly accaaaad. 

With (he addition ol an axtarnal raeiato;. on-chip da- 
bounCi' Is provided for use with a switch intarface 


The "voica" output of tha DT1060 la a highly Intalligibla 
mala voice Tha vocabulary la choaan ao that It Is appllca- 
bla to many products and markets. 

Featufes 

■ COPS™ and MICROeuS™ oompatlUa 

■ Designed to ba easily mtarfaoad to other popular 
microprocaasori 

■ 144 addressable espraasiona. including numbers 

■ Natural Inflactlon and amphasla of original speech 

■ Addrsaaas 12Bk of ROM diractly 

■ TTL compatibla 

■ Orvchlp switch dabounca for Intarlaclng to manual 
switches indapsndant of a microorocaaaor 


An inls:rupi >: generated at the end of each speech s» 
quence ao Itiat laveral sequences or words can be 
cascadal to form different speech expressions 

Tha onoeo la a standard OIGITALKER kit ancodad with 
137 separate and usaful words. 2 tones, and 5 different 
silanes durations (Soa tha Master Word Ust Table I). The 
words and tones have been assigned diacrata addrasaas. 
making It possible to output single words or words corv 
catenated into phrases or sven aantancas 


■ Interrupt capability for cascading words or phrases 

■ Crystal controllae or axtamaliy driven oaclllator 


Applications 

■ Talacommunicatlons 

■ Applianos 

■ Automotive 

■ Teaching aids 


■ Conaumar products 

■ Ctocfca 

■ Languags tranatatlon 

■ Annunciators 


Typical Applications 


MlrUmum Configuration Using Sw He h wiarlaca 





MitAiiia 

ITT 
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DT1050 OIGITALKER^** Standard Vocabulary Kit 






Absolut* Maximum Ratings* 


SUxag* Tampartiura Ranga 
Oparating Tatnparatura Ranga 
'^op-'^sa 


-88X10 + 150*0 
OXIoTOX 
12V 


VollagaalAnyPin 12V 

Opafallng Vollaga Ranga. Voo-''^ss TVIollV 

Laad Tampafalura (Soldartng. 10 saconda) 300X 


DC Elactrical Charactarlstics* T. = 0 *C io 70*C Vqo> 7V-nv Vss> 0 V uniassotnarwisa spacii>ed 


Symbol 

Paramalat 

Conditions 

Min 

Typ 

Max 

Units 


Input Low Voltage 


-03 



V 

VlH 

input High voitag* 


2.0 



V 

Voc 

Output Low Voitaga 

s 1 6 wA 




V 

'^OM 

Output High Voitaga 

•oh* -100,^ 

24 



V 

V|IX 

Clock Input Low Voitaga 


-0 3 


1 2 

V 

V,HX 

Clock Input High Voitaga 


55 


Voo 

V 

'oo 

Power Supply Currant 




45 

mA 

'll 

Input Leakage 




1 10 

+A 

•lU. 

Clock input Leakage 




X 10 

xA 

Vs 

Silence Voitaga 



0 45Voo 


V 

Vqut 

Peak ‘0 Peak Speech Output 

Voo»11V 


20 


V 

^exT 

External Load on Speech 

Rjjit Connected Between Speech 

50 



kn 


Output 

Output and v« 

1 






AC Elactrical Characteristics* < o*c io tcc. vqo = tv-h v. vjs > ov. unless omerwise specinad. 


Symbol 


Paramalar 


Min 


Max 


Unils 


CSV 


1 

'•«1 

I, 


CMS Valid 10 Writs Slrobs 
Chip Saiaci ON lo Wnis Stroba 
□ala Bus Valid lo Wnis Strops 
CM.S Hold Tima altar Write Stroba 
Data Bus Hold Tima alter Write Strobe 
Writs Stroba Width (50% Point) 


ROMEN ON to Valid ROM Data 
Writs Stroba to Spaacn Output Delay 
Eitamai Clock Frequency 


350 

310 

50 

50 

100 

430 


3 92 


2 

410 

408 


ns 

ns 

ns 

ns 

ns 

ns 

uS 

»S 

MHl 


Holj Ri*a ano •an itmaa (tON to90Si <M MtCROSUS «>gnaii snowK} Da M n* maa>mum 
'SPC cnaraciartsitcs omy AOM cn«^acia« st»cs covered bv saoaraia data tn**< to* 


Timing Waveforms 


Command Saqusncs 


IJC 


\. 


2 2 


oaTsaat 

i«it - D 


DC 
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Timing Wav«forms iConliniMdi 


nOM D*li Timing 


) 




f \ 

-•! - 

— m W 

X ) 

( X »"■ X 


IN«»1 WOM Oaf t - t ca" go y iK> any tima ana* Apw 0 • 1 3 muti o« «a>Ki ••m«n ih« »p*c 

ane ramain *atto vniii AOMEM goat high 


Functional Dascription 


The loMowing dnscriMs the tunclion ol all SPC nvjt and 
Output pins 

Note In Ihe following dascnptions a low raprasants a 
logic 0 (0 4V nominall. ano a high lapratants a logic 1 (2 av 
nomlnall 

INPUT SIGNALS 

Chip S ala d (C^ The SPC It aalactad whan Cs it low It It 
only nacaatary to have & k>w during a command to tha 
SPC It It not nacattary lo r^M CS low lor tha duration of 
tha apaach data 

Gala Sua <SW t-SL This it an Son paralial data but which 
contains tha itartmg tddratt ol IM tpaach data 

Data but inputs SW t-SW8 accapt an B-bit binary addrats 
which It tha addrats of tha word which it to be "tpokan 
from tha OIOITALKEP output Saa tha Master Word List 
(Table I) for tha compiala listing of words and their ratpac 
tiira addraasas if tha antira arord liti is not utad unused 
Inputs mutt ba connected to V^s 

Command Saiaci (CHSt This line tpacifiat the two com 
mandt to tha SPC 

CMS Function 

0 Ratal Interrupt and atari apaach taquanca 

1 Nasal interrupt only 

Wrila Slieha (tfflu This line laichas the starting add'sts 
(SW t-SW Bl into a rsgitlar On tha rising edge ol the 
the SPC ttartt aaacution of the command tpacifiad by 
CMS Tha comr.tand aaquanca it shown In the timing 
waveform aactinn If a command lo start a new tpaach ta 
quanca la itauad during a apaach arquanca. the new 
tpaach taquanca will ba ttarlad immoJialaly Whan con 
nacting loa aw:;ch. It mutt ba a airgla poit 2 position 
twitch at thorn on page 1 

ROM Data (ROATA 1-SF This s an Sbii parallel data but 
irhich contains tha tpaach data from tha tpaach ROM 


OUTPUT SIGNALS 

Interrupt (INTR) This signa' goes high at the completion 
ol any speech sequence It it ratal by the ne>t valid com 
mand It is also ratal at power up 

ROM Addraat (ADR 0-ADR tS): This is a ta-bil parallel 
bus that supplies the addrats of tha speech data to the 
speech ROM 

ROM EnaMa (ROMENI Foi low oowe' applications this 
line can be used to drive a transistor that switches tha sup 
ply tor static speech ROMs See ROM data liming 

Speech Output (Spee c h Out): This it the analog output 
that raprasants the speech data Sac frequency response 
taction 

INPUTfOUTPUT SIGNALS 

Ctoci InputfOutput (OSC IN. 08C OUTp These two pins 
connect the mam timing ralarsnca (crysitli to the SPC 

PHRASE OUALITT 

In normal hurrran speech, the brain puls durations of 
silence between the words lo maha me tentanca flow 
amoothly Since several durations ol silence are provided 
In tha Master Word List, tha actual quality of any phrata 
can ba aignilicantly improved by adding durations of 
tiianca (a'tc assigned addrassas' between the words As 
one thinks about how Ihe phrata is actually tpokan or>a 
might assume the approaimatt duration oi tiianca ba 
tween each word and intad tha closest duration ol 
ailancv from the word list A hint in this araa would ba that 
for words beginning with Ihe lallart. K. T. P. B. D. and Q 
inted BO milliaacnndi tiianca prior lo the words and lor 
words ending in the tame latlars at above, aO miiii. 
seconds silence following the word it lacommandad 




Functional Description (Contmuwn 

TASLE L 0T10W MASTER WORD LIST 


ASH SliMi> 


ASH Blniry 


AAH llnanr 

WorS 

AddraM 


Addr*M 


AddrtM 


ptJ J<SL| 


swj 


SW1 

! —f 

THIS IS DIGITALKER 

00000000 

a 

001 10000 

IS 

0 1 100000 

ONE 

00000001 

R 

001 1000 1 

IT 

0 1 1 00001 

TWO 

00000010 

s 

001 10010 

KILO 

0 1 1 000 1 0 

THREE 

0000001 1 

T 

00110011 

LEFT 

0 1 1000 1 1 

FOUR 

00000100 

u 

W01 10100 

less 

01100100 

FIVE 

00000101 

V 

00110101 

LESSER 

01100101 

SIX 

000001 1 0 

w 

00110110 

LIMIT 

01100110 

SEVEN 

00000 1 1 1 

X 

00110111 

LOW 

01100111 

EIGHT 

00001 000 

Y 

00111000 

LOWER 

01 101000 

NINE 

00001 00 1 

z 

00111001 

MARK 

01101001 

TEN 

00001 0 1 0 

AGAIN 

00111010 

METER 

01101010 

ELEVEN 

00001 0 1 1 

ampere 

00111011 

MILE 

01101011 

TWELVE 

00001 100 

AND 

00111100 

MILLI 

01101100 

thirteen 

0000 1 1 0 1 

AT 

00111101 

MINUS 

01101101 

FOURTEEN 

0000 1 1 10 

cancel 

00111110 

MINUTE 

0 1 10 1110 

FIFTEEN 

00001 1 1 1 

CASE 

00111111 

NEAR 

01101111 

SIXTEEN 

00010000 

CENT 

0 1000000 

number 

oil 1 0000 

SEVENTEEN 

00010001 

400HERTZ TONE 

01000001 

OF 

01110001 

EIGHTEEN 

0001001 0 

80HERTZ TONE 

01000010 

OFF 

oil 10010 

NINETEEN 

0001001 1 

20MS silence 

0 10000 1 1 

ON 

01110011 

TWENTY 

00010100 

40MS SILENCE 

01000100 

OUT 

01110100 

THIRTY 

00010101 

80MS SILENCE 

0 1000 1 0 1 

OVER 

01110101 

FORTY 

00010110 

I60MS SILENCE 

010001 10 

PARENTHESIS 

01110110 

FIFTY 

000 1 0 1 1 1 

320MS SILENCE 

0 1000 1 1 1 

PERCENT 

01110111 

SIXTY 

0001 1000 

CENTI 

0 100 1 000 

PLEASE 

0111 1000 

SEVENTY 

0001 1001 

CHECK 

01001001 

PLUS 

01111001 

EIGHTY 

000 1 10 10 

COMMA 

01001010 

POINT 

01111010 

NINETY 

00011011 

CONTROL 

01001011 

POUND 

01111011 

hundred 

003 1 1 1 00 

danger 

01001100 

PULSES 

01111100 

thousand 

00011101 

DEGREE 

01001101 

PATE 

01111101 

MILLION 

00011110 

DOLLAR 

01001110 

RE 

01111110 

ZERO 

00011111 

DOWN 

01001111 

READY 

01111111 

A 

00100000 

EOUAL 

01010000 

RIGHT 

10000000 

B 

00100001 

ERROR 

0 1 0 1 000 1 

SSiNols 1) 

10000001 

C 

001 0001 0 

FEET 

0 1 C 1 00 1 0 

SECOND 

10000010 

0 

00 1 000 1 1 

FLOW 

01010011 

SET 

1 OOOOO 1 1 

E 

00100100 

FUEL 

01010100 

SPACE 

10000100 

f 

00100101 

gallon 

01010101 

SPEED 

10000101 

G 

00100110 

GO 

01010110 

star 

100001 1 0 

H 

00100111 

GRAM 

01010111 

START 

10000111 

1 

00 1 0 1 000 

GREAT 

0 101 1000 

STOP 

10001000 

j 

00101001 

GRr LTER 

01011001 

THAN 

10001001 

K 

00101010 

have 

01011010 

the 

1 000 1 0 1 0 

L 

00101011 

HIGH 

01011011 

TIME 

10001011 

M 

00101100 

HIGHER 

01011100 

TRY 

10001100 

N 

00101101 

hour 

01011101 

UP 

10001101 

0 

00101110 

IN 

01011110 

volt 

1 coo 1 1 1 0 

t p 

1 

OC t 0 t 1 1 1 

INCHES 

01011111 

WEIGHT (Not* Z1 

10001111 


H««« 1 SS «orO ptwrtf 

Hrnm t. 149 •» ‘Ml •0«> 4MrM« m l^<• P4/1»Cul«f <»or« Ii«t taC«M«n« 4M*M« 1«9 p^MwCt p-«CM 0> yniA|«4hQ<5i« PPMCl U\A 
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Crystal Circuit Information 


Typteal Ctytlil Oscillator Nstarorti Eilsmal Clock tr^ul fk.O MHj) 



(4 0 MMi cryatai m«nufaciufMl EMiro Oyn*mica Corr ^ HC19-J0 

SPC Block and Connection Diagrams 



•AM 

MPufiie 



v«* tnt* 























ORIG'.N/'.L F'AGc ?*: 
OF POOR 


Applications Information 

Frequency Retponee ol Combined Amplllter end tpeeker 



)• m II m 


Miiauiecrnti 

Note 1: TMt cunre ii me desired response of the entire eudio system including speeksr 
Minimum response is a low pass tiller with a cutotl frequency of 200 Hz For an audio system 
with a natural cutoll frequency around 200 Hz. this filter can be eliminated This cutoff fre- 
quency may be tuned lor the particular voice being synthesized For a low pitched male voice 
It may be IOC Hz. while for a high pitched female or child s voice It might be 300 Hz 
Note 2: This Is opfionai filtering that can be eliminated by proper selection of the speaker It 
this 2 pole response is eiecironicaiiy produced, il should be adiusled as described in Note 1 
Note 3: 1 his IS optional filtering that ca'~ be eiimmaled lor simpler systems The acceptable 
range lor this cutoll frequency is 600C Hz-8000 Hz 

Typicai Appiications iConlmuedl 

DIQITALKER System Using COR420 Intarlsoe 



Minimum Filler Clfoult 
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ORIGINAL FACE 

BLACK AND WHITE PHOTOGRAPH 


1 fci— * f amlnni-ii-fc ■ nl»-i r 

■ iWDOfwii b6fiiiconoiiciof 


BLX-9252 

32K-Byte Bubble Memory 
Expansion Module Board 


racLiMiNAnv 

May 1M1 



BLX but-compatibl* mamory 
axpanaton modula 

Smallaal bubbta mamory aubsyatam 
32K-bytat non-vo!atlla atoraga 
SJma avaraga accaaa lima 


■ Error dataction and corraction 
a Hamovabta 

■ Pollad, Intarrupt, or DMA data 
tranafara 

■ Opatatlon to TCTC 


Product Ovarviaw 

Th« BLX-9252 It a member of the new line of BLX 
but-compatible expantion module produett from 
National Semiconductor The BLX-9252 pluga directly 
onto any BLX but-compatible hott board offering 
low coat. Incremental, on-board expanaion. Nationa! 
otfara aeveral BLX but-compatible boat boarda. 
tuch ea the BLX-B6/17B. BLX-atV11A/12A/l4A. and 
BLX-WV11C The board offert the reliability and non- 
volatlllty of bubble memory technology, coupled 
with compatibility to the popular and convenient 
BU but 

The BLX-9252 tealurea 32K-bytet of non-volatile 
atorage capacity that can be configured Into either 
64-byte pagea or 256-byte aectort Data reliability It 
reinforced with e 12bit Fire Code capable of detect- 
ing up to three random arrora or an error buret up to 
12 bita In length, and capable of correcting any error 
burata of up to 3 bite In length Data tranafer can be 
accompliahad In either polled or interrupt driven 


modea. or the BLX-9252 can be uaed at a channel to 
a DMA controller located >ii the boat board. The BLX 
module la cioeeiy coupled to the boat board through 
the BLX but. and at auch, offert maximum on-board 
performance, freeing the boat tyatem'a but traffic 
for other ayatem reaourcea Incremental power con- 
aumption la minimal, requiring only 4.6 watta. 

Functional Daacrlptlon 

Figure 1 la a functional block diagram o' the BLX-9252. 
The board uaea the NBM22S6 Bubble Meirrory, Ita 
aatoclated interface c^rculta, and the NBC628S1 
Bubble Memory Controller, all from National Semi- 
conductor Corporation Tha NBM2256 Bubble Mem- 
ory providet 2MKbita of non-volatile atorage which 
la formatted Into 32K-byiea by the NBC62861 Con- 
troller. The Bubble Memory Controller generatea tha 
complex timing neceatary to drive the Bubble Mem 
ory and alto providea the uaer interface The ayatem 
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•ottwar* communlcatM with th* 31X-92S2 acroM 
tiM BLX Intarfacw, uting VO iMdAwrittconmandt to 
tha Buhblo MomoryControtlor** tight uaorwcnalbl* 
ngiators. 

UMf AossmIM# 

Conuminicatlofl with tho BLX'92U Is through ^ 
Bubbis Msmory Controllsr's sight ussr sccsttibls 
rsgistsrs; thsaa srs sddrssssd ss sn Bbyts block of 
ths host CPU's UO tpacs (sss Spselficstlons— kO 
Addrssairtg). Comms^ srs issuso by writing Into 
ths CMND rsgistsr. Osta la trsnsfsrrsd through ths 
FIFO rsgistsr which accsssss the currant byta of ths 
IntsmsI IB^s FIFO. Ths address and length of ths 
dsu block In ths Bubbis Msnwry Is written Into ths 
Sector Address Rsgistsrs (SAR) end the MulHpts 
Sector Rsgistsr (M^ these rsgistsrs ate updated 
during s data trartsfar operation. Ths Status regisM 
(STR) may be read to rv*onitor sxscution and error 
status (sss Specificstions— Davies Status). Ths 
Residual Control Rogistar (RCR) is providsd to sat 
various nradas of controllsr operation (sea Specifi- 
cations— Rssidusi Convol). Tho Systoim Faaturss 
flogistor (SFR) also sets controilsr modes, but ^XHitd 
always be sat to zsro In ths BLX-S2S2. 

Command FuneBoos 

Ths BLX-92S2 has commands to Read and Writs 
Data, Correct Data, and Position for minimum 
latency. Ths data space can bs arranged into S12 
pages of 64 bytes or 128 sectors of 256 bytes with 
ths SECTOR/ PAGE ADDRESSING mods flag: a 
sector or a page is the minimum transfer size. Data 
is 'ansferrad through the FIFO as it is requested 
by the Data Request flag (DRQ). 


System commands are avallabis to initiallas and 
shut down ths BLX-92S2. InKlaltzatlon involves syn- 
chronizing ths Bubbis Memory and Controllsr, clue 
getting ths Redundancy Map Information (RMPI) 
which is used to map out extra (redundant) storage 
locations In the Bubbis Memory. For disgn^lc and 
malntananos purposes, commands ars also provided 
to read and writs this RMPt, and to read and writs 
data without mapping. RMPI data Is also transferred 
through ths FIFO. 

Ths BLX-62S2 conunand set is shown in Table I. 

Oats Transfer Modes 

Three modes of data transfsr to ths BLX-9252 ars 
possible: Progiam Controlled or Polled, interrupt 
Driven, and DMA Controllsr Driven. Thsso modes 
rsquirs various levels of host software intervention. 
In ths Program ControMod mods, ths Status regitt sr 
flags CN11H. NOT BUSY and DRQ ars continuously 
polled by the host. CNTR*. NOT BUSY indicates that 
the BLX-92S2 has completed any operations and 
can accept a new command. DRQ indicates that the 
controller is ready to transmit or receive another 
byte of data. In tho Interrupt Driven mode, the Bubble 
Msmory Contrcller generates interrupts based on 
these flags, freeing the host froMt the need to con- 
tinuously monitor the STR. The ENABLE NBUSY INT 
mode flag pemtits CNTRL NOT BUSY to generate an 
Intarrupt on MINTRO. The ENABLE DRQ INT flag per- 
mits DRQ to also generate an interrupt on MINTRO. 
The DRQ line can be connected to MINTR1, gert- 
erating a MINTR1 interrupt upon a Data Request. In 
the DMA mode, the 8LX-82S2 Is used as a channel 
to a DMA controller on the host board. The DMA 
controller is programmed with tha data block para- 
meters for the host system and the BLX-92S2 with 










th« approprlaie tranalar parametsrs Issuing a trans- 
fer cor?inand to the 8LX-9252 then causes data to 
be transferred under control of the host's DMA con- 
troller without program Intervention. 

billlallzsllon and Reset 

The BLX-9252 is Initialized upon receipt of an initia- 
lize command or a low to high transition of the RESET 
line Shutdown of all Buobie Memory operation is 
accomplished with the Terminate Immediate com- 
mand. Terminate Immediate executes an orderly 
shutdown of the BLX-9252 within 30 hS A Terminate 
Immediate is also accomplished by a high to low 
transition of the RESET line The RESET line is ORed 
with a Power Fail signal which is activated when the 
on-board sense amplifier detects a power fail condi- 
tion. The trip level of this sense circuit Is adfusted by 
the PFA potentiometer which is preset st the factory 
between 95*/g and 90% of nominal supply level When 
either the 5V or the 12 V supply falls below the set 
percentage, the PFA signal is activated, generating 
a Terminate lir.mediale 

Host Bus Interlace 

The following is a brief description ot the input/output 
signals of the BLX-9252 

Signal Description 

lORD/, lOWRT/ Active low Read and Write Command 
Signals. An active command line 
coupled with a chip select indicates 
that the address lines are valid and 
the BLX-9252 should perform the 
read or write. 

MA0-MA2 Active high address lines, generally 

the three least significant bits of 
the I/O address These lines address 
the eight user accessible registers ot 
the BLX-9252. 

MCSQ/ Active low Module Card Select line 

which is the result of host I/O ad- 
dress decode logic. Note: If the 
MCSO/ Signal glitches, BLX-9252 
logic may cause a glitch on MWAIT/. 
MWAIT/ will be settled In less than 
75 ns after MCS(V settles. 

RESET Active High reset signal. Generates 

an orderly shutdown of the Bubble 
Memory System When this Signal 
maxes a high to low transition, the 
system Is initialized. 

MD0-MD7 Active high bidirectional data lines. 

Used to transmit commands and to 
transfer data. MOO is the least signi- 
ficant bit. 


MPSTi 

MINTRO. 

MINTRI 


MDRQT, 

MOACK/ 


Of an MCSO sig tai If the bus opera 
I'on was a read MWAlTi will be deac- 
tivated after the data has been placed 
on the ous. if it was a write MWAIT. 
wili be deactivated after the data has 
been written into the controller 

Active low Module Present signs' 
This line is grounded on the BLX-9252 

Active high interrupt lines Can be 
used to make interrupt requests to 
the host A MINTRO interrupt is gene 
rated by an interrupt from the Bubble 
Memory Controller Mode flags in the 
RCR select the type of interrupt as a 
NBUSY interrupt. DRQ interrupt, or 
both When Jumper W7 is closed 
between 1 and 2. a MiNTRt interrupt is 
generated by the DRQ line. 

DMA handshake signals. MDRQT is 
an active high data transfer request 
signal from the BLX-9252 to the host's 
DMA controller which is enabled 
when jumper W7 is closed between 2 
and 3. MDACK/ is an active low 
request acknowledge signal from the 
DMA. controller MDACK/ acts as the 
chip select for the Bubble Memory 
Controller and automatically selects 
the FIFO tor data transfer independ- 
ent of the address lines The direction 
of data transfer will be determined 
by lORD/ and lOWRT/ 


Inslallalton 


The BLX-9252 module plugs directly Into either of 
the female BLX connectors on the host board The 
module is then secured at one additional point with 
nylon hardware to Insure the mechanical security of 
the assembly (see Figures 2 and 3). 


BLX-9252 Jumper Options 

Prior to use, all jumpers on the BLX-9252 should be 
set to system requirements. Jumper location is 
shown In F. jure 3. 

Jumper Description 

W1. W2 Always closed (provided lor debugging) 
Wa, W5 

W3, we Normally closed between 2 and 3 These 
two jumpers are dosed between 1 and 2 
only It It is desired to give a write map com- 
mand and remain closed between 1 and 2 
only during write map command 


MWAIT/ Active low wall signal which Indi- 
cates that the BLX-9252 has not yet 
completed the bus operation. MWAIT' 
Is activated immediately upon receipt 


W7 Normally closed between 2 and 3 to con- 
nect the controller DRQ lo MDRQT/ 
Closed between 1 and 2 to connect DRQ 
to MINTRI. 
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Figure 2. Inttallst^ of BLX-92S2 Modulo on Hoot Board 
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T*W« I. tLX*l2S2 Command Sot 


Command 

Has 

Raglaiara' 


■ylat Tranalarrad' 

Status Flags 

Opitoni 

Coda 

Loadad 

Altar ad 


>aga 

6actor 

Allacltd' 

Raid* ‘ 

00 

RS 

S 

Raad one P'S 

64 

256 

CO.O.E.R 

ROM 

08 

R.S 

S 

Raad one P'S without matli 

71 

262 

CODER 

SSD 

04 

RS 

S 

Raad orra P'S but do not Itantlar 

0 

0 

C.O.O.E.Fi 

MS 

10 

R.S.M 

S.M 

Raad mullipia P'S 

M'N 

256'N 

C.O.O.ER 

MSRDM 

18 

R.S.M 

S.M 

Raad mulnpia P'S without maiti 

V'N 

282’N 

CODE R 

MSSSD 

14 

R.S M 

S.M 

Read muMiplf P/S no Irintftr 


0 

CODER 

Wtile“ 

40 

R.S 

S 

Write ona P/S 

6 

•ts 

C.D.D.HW 

WRM 

48 

R.S 

S 

Wnta ona P'S without masK 

71 

282 

COD R W 

SAD 

44 

R.S.F 

s 

Wrilt on# P'S. no data trantlar 

0 

0 

C.D.D R W 

MS 

so 

R.SM 

S.M 

Write multipia P/S 

64‘N 

256-N 

C.D.D.HW 

MS WRM 

S8 

RSM 

S.M 

Writ# mullipia P'S without matli 

71*N 

262‘N 

C.D.D.HW 

MSSAD 

54 

R.S.F.M 

S.M 

Writ# Multipia P'S. no trantlar 

0 

0 

C.n.D.R.W 

Position 

26 

S 


Position for taro raad laiancy 

0 

0 

c 

W 

66 

S 


Position lor taro arr'te latency 

0 

0 

c 

Initializ* 

F4 



Synchronite wilhoul loading RMPI 

0 

0 

C.M 

LM 

FC 



Synchronita and load RMPI 

0 

0 

C.E.M 

Tarminaia 

02 


F 

End any procass at and oi page 

0 

0 

• 

1 

03 


F 

End any procast immaditlaiy 

0 

0 


Raad Map 

80 



RaaO nMPI 

64 

64 

CODE 

C 

88 



Raad RMPI. compare lo Map butter 

36 

36 

C.D.D.E.M 

Wtita Map 

CO 



Wine RMPI into map loop 2 

64 

64 

C.D.D, W 

M 

C8 



Write RMPI into map loop 1 

64 

64 

C.D.O.W 

Raad Corraciad* 

OC 


S.M 

Raad ona P'S. correct any arrors 

64 

64*NPTE 

C.O.O.E.N.S 


1) flomonclAtuf* ntaiduai Contro* (W) SocicK Addrott Sagittar (S). Muftipt* SoctCK Sogtttar (M). Fl^O Sagtttar (f) Command 

Stgisttf it >oad«d and Siatua it anarad by aii commands and thus not iiaiad 

2) Numbar of Oagai w Sactort (N) Numba< of Payaa lo trrot (NFT^) 

DNomanclaiura CNTRL NOT tUSV (C). ORO(O) OVERRUN (O) ERROR IN DATA (E) NON CORRECTABLE ERROR (N). MAPCOMPARE 
OR STNC ERROR (M) RANGE ERROR (R) WRITE PROTECTED MBM (W) SOfT ERROR CONDITION (B) 

4) m# Raad Wnta. and Raad Corractad commands viu aiacuta to* aacto's if ih# SECTOR/PAOE adcRESSino bn m tna RCR <s not 
tat payas if ii is. aitnougf' R*a< 3 Coiraciad is normally only uaad m paya moda PrS • Payaa or Sactors 
5l Saflmy both RDM and BSD or WRM and SAD options is rtot parmiiiad 

•> TarmtnafK>n status attar Tarminaia command la tha aama as tba status of lha tarmir^aiad command 
T> No rayistara may ba modifiad batoaan Raad Sacior command ar>d Raad Corraciad Corrwnand 
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Tabu II. 8LX-9252 Pin Aaaignmanta 


Pin ^ 

Mnnmonlc 

Ocicrlplion 

Pin 

Mnemonic 

Description 

35 

QND 

Signal Ground 

36 

♦ 5V 

*5 Volts 

33 

MDO 

MOATA Bit 0 

34 

MORQT 

M DMA Request 

31 

UD1 

MDATA Bit 1 

32 

MOACK/ 

M DMA Acknowledge 


M02 

MOATA Bit 2 

30 



27 

M03 

MOATA Bil 3 

28 




MD4 

MOATA Bit 4 

26 



• 23 

MD5 

MOATA Bit 5 

24 



21 

MD6 

MDATA Bit 6 

22 

MCSO/ 

M Chip Select 0 

19 

MD7 

MOATA Bit 7 

20 



17 

GNO 

Signal Ground 

18 

»5V 

•5 Volts 

15 

lOflO/ 

I/O Read Command 

16 

MWAIT/ 

M Wait 

13 

lOWRT/ 

I/O Write Command 

14 

MINTRO 

M Interupl 0 

> 11 

MAO 

M Address 0 

12 

MINTR1 

M Interrupt 1 | 

9 

MAI 

M Address 1 



_ J 

1 7 

MA2 

M Address 2 

8 

I 

MPST/ 

ISBX Multimodule 1 

Board Present 

5 

RESET 

Reset 

6 

MCLK 

M Clock 

1 3 

GNO 

Signal Ground 

^ V 

♦5V 

*5 Volts 

1 

•12V 

•12 Volts 

2 





* i » 


0 4C MAX I 


0 80 MAX > 


1 '3 MAX ) 




~z 

C 


.^i n 

L lL 


socket 


1 BLX.^?W E«PANS<CN MODULE BOASO ) 


31 « 


' 


^1 


CONNECTOR 

MALE! 


- r 

E 





r 





Blx 

CONNECTOR 

pEMA^E. 


SOCKET 


\ «CST ViCOCCCVP. 

*E3 BCABO ^ 

1: 






Pigura 4. BLX>9252 Eipinsion Moduli Mounting Cltarancit (inchaa) 
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Specifications 


DC Powar RaquIramtnU 




Operating 

Standby 

Mai 


Vcc • “-SV 1 ^s 

Ice ■ 

200 mA 

300 mA 

400 mA 


Vope •12 V l5S 

•do • 

300 mA 

70 mA 

400 mA 



Powei tuppiy voltage tall time liom Wi'i to 90* • ol tpacitiaa value ahall not be laia loan ISOmS 


DC Elaclilcal Cbaraclarlalica 


Parameter 

Deacriptlon 

Cortdltlona 

Min. 

Mai. 

Unit 

V|L 

Input Low Voltage 



OB 

V 

Vim 

Input High Voltage 




V 

VoL 

Output Low Voltage 

Iql ■ Max 

Bi 


V 

Vqm 

Output High Voltage 

•oh ■ Min 

24 


V 

III 

Input Low Current 

MCXI-MD7. MA1-MA2 


-05 

mA 


MCSOr, RESET. OPTO 


-1 6 

mA 



MDACK/. lORL)/, lOWRT/ 


-VO 

mA 

l|H 

Input High Current 

MO0-MD7. MA0-MA2 
MCSO/, RESET. 
MDACKI. lORD/. 


70 

mA 



lOWRT/. OPTO. 


100 

mA 

*OL 

Output Low Currant 

MD0-MO7 


25 

mA 



MINTRO. MINTR1. MDROT 


2.0 

mA 



MWAIT/ 


1 6 

mA 

•OM 

Output High Current 

MD0-M07 


-200 

mA 



MINTRO. MINTR:. 


-100 

mA 



MDROT. MWAIT/ 


-50 

mA 


Nate Steteo limli do not apply to MPST< on ih# BLX-t2i2. as M It connected to Oround 
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1 


AC Elacirtcal Charactarttltca 


Symbol 

Portmalar 

Min (ns) 

Mss Inal • 

't 

Addioi* alabla tMlota laad 

SO 


<1 

Addtatt stabia iHa< raatj 

^ JO 

1 

'j 

puiM width (with MWAITO 

soo 

] 

1. 

Data valid Itom laad 


J50 

's 

Data lloal attar raad 


JO 

If 

CS stabta balora road 

2i 


1 '* 

CS stadia attar road 

JO 


i 

FXowsr supply in spoc to RESET 

?5ms 


1 '» 

Rising adga ol RESET to data Pus disabiad 


50 ms 

i '.0 

Addrasa stabia balora WRT 

50 

1 

I 

AddrsM stAbi* Aft*# WRT 

30 

1 


WntA puiAA width (with MWAlTO 

500 


to 

Data valid to writs 

J50 


'■* 

Data valid attar writs 




Data valid from tailing adga ol writs 


150 

l,t 

MWAIT/ puiss widtn 

5.’5 

t 5_s 1 

< 

R#Mt pulSA Width 

»5ins 

1 

f t.. 

MCSl to MWAIT/ valid 

0 

i 

[ '« 

DACK sat up '0 I/O rrad or writs 

too 

1 

1 J 

i t„ 

DACK hold 

JO 

1 

i 

[ 

Raad or writs to MDRQT 


.’00 

1 , 

MWAIT/ to valid laad data 


0 ; 

Irt 

MWAIT' to And Of wrilA 


0 ! 


TMl no) contofm to tt>« 6LX tHJt soocitication 



F>guf« 1 BIX- am Boartl UO Writ* Timing 
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r 


Word Slio 

Data — 8 bits 


S - SOFT ERRORS PRESENT indicataa that a 
ditlaront arror has baan datsctad tn a READ 
CORRECTED command (1 • ErroO 


I/O Addrasalhfi 

I Ragitlar Nama 

Command 
I Multipia Saclof 
Sactor AdOrats 
bits 0-7 
Sac lor Addiatt 
I bits S- IS 
Rasiduai Control 
Systsm Featuras 
(not usad) 

Status 

FIFO (data Iransfar) 

Nola: Tba port addrattaa art dalarminad By tha notl 
micfocomputar Ralar to tha Haidwara Aataraoca manual tor 
your microcomputar to datarmma ma tiral digit |X) of tna 
connacior port addraaaaa 

Oavica Status Raglatar 


w 'm/rI 
1 

0 


0 


a 


7 0 


C — CNTRL NOT BUSY indicatas that tha controllar 
Is currantly not exacuting a command (1 * Not Busy). 
D — DRO indicatas a Raguasl to transtar data 
(1 > Data Raguast) 

O — DATA OVERRUN Indicatas a FIFO ovartlow 
(undarflow) or an illagal attempt to transtar data 
(1 » Error) 

E — ERROR DETfCTED Indicatas that tha data or 
RMPI lust read contains an error For READ 
t'ORRECTED command, indicates that an error 
exist.:' in another ECC block ol tha same sector 
(1 « Error) 

N — ERROR NOT CORRECTABLE indicates that 
READ CORRECTED could not correct the error 
(1 ■ Error) 

R — END OF RANGE indicates that the last page 
address is being accessed (1 > Last Page) 

M - MAP COMPARE or INIT ERROR indicates 
that tha RMPi in the Bubble Memory does not 
match the RMPi in the controller or contains no 
sync code (1 • Error) 

Nol» (R) arxj iMt t*i'*OA«0 onlo thi S •• occur unOor 
diM^«n( commaFHla miH occur (09«ir\«r 

W — WRITE PROTECT indicates that an attempt 
tc yyrite to a write pro'actad board occurred 
(1 « Error) 


Symbol 

Typeot 

Operation 

Connoeler 

Port 

Address 

, CMDR 

' Write 1 

! xo 

' MSR 

Raad/Writa 

X, 1 

SARO-7 

Raad/Wriia 

1 1 

i X2 ; 

^ SAR S-1S 

ReadiWrita 

X3 ' 

RCR 

Wrtt* 

X4 1 

SFR 

Writ* 

X5 1 

STR 

Read 

1 ** 1 

1 FIFO 

ReadlWrite 

L_ J 


It tha CNTRL NOT BUSY bit In tha Status Register 
IS a nro. tha only other bit that is dalmad is DRQ. 
it one. tha operation it complete and tha other 
status bits are defined as given above. 

RatMual Conlr«>l Register 



E 

H 

0 




M 


7 0 


W — WRITE PROTECT inhibits writing to the 
Bubble Memory (1 « Protected). 

A — SECTOR/PAGE ADDRESSING selects 
addressing mode (1 * Sector. 0 » Page) 

D — ENABLE DRQ INTERRUPT enables the DOR 
Hag to MINTRO (1 X Enabled) 

N — ENABLE NBUSY INTERRUPT causes CNTRL 
NOT BUSY to activate MINTRO (1 > Enabled) 

H - FIFO HALF FULL (EMPTY) inhibits DRQ until 
the FIFO IS hall tilled or hall empty instead of 
immediate () « Hall. 0 * immediate) 

S — STERD (Stop it Error Detected) terminates a 
read at tha and ol the current page when an error 
IS detected Must be on to use READ CORRECTED 
(1 s Stop on Error. 0 < Do not Stop) 

F — READ FIFO ENABLE permits reading but not 
writing FIFO when CNTRL NOT BUSY, otherwise 
writing but not reading is permitted Must be 
cleared belore executing a command () > Read OK. 
0« Write OK) 

Data Rates 

Average 

Data Rata — l3.5K bytes/s 

Average 

Access Time — 5 8 ms 
Max Response 

Time to DRQ — FIFO HALF FULL on 512 uS 
FIFO HALF FULL oil 1024^8 

Interrupt Two optional inte.tupl requests 

Requests — DRQ on MINTRI and NBUSY or 
DRQ on MINTRO as selected in 
the RCR The NBUSY interrupt is 
set by CNTRL NOT BUSY, and is 
reset by a bus read or write 


10 


114 



Inl«r1ac*t 
BLX Bus - 
Physical 


Environ mantal 


All signals TTL compatible 

Langih 2.83 in. (7.19cm) 

Width 3.70 In. (9 40cm) 

Depth; 

BLX-9252 Including connector 

0 80 In (2 04 cm) 

BLX-9252 plus Host Board 

1 13 In (2.86cm) 

Weight: 3.07 02 (87 gm) 

Temperature: 

Operating: 0*C to 50*C at 

100% duty cycle 
(see figure 10) 

0*C to 70'C at 
negligible duly cycle 
Non-volatile storage: 

-40^ to 100X 

Relative Humidity: 90% maximum, 
non-condensing 
Air Cooling 10 CFM recommended 
Thermal Shock i30*C/hr max rate 



0-. >w. 

MBM duty cycle 


Flgurs ■. Bubble Memory Maximum 
Operating Tamperalura 

Duty cycle constraint must be satisfied over 
any interval where the total time of operation, 
which may or may not be contiguous, exceeds 
one minute. Thus a 10% duty cycle may consist 
of up to 1 minute of operation total and 9 min- 
utes of standby during any 10 minute Interval. 

Ordbring Infoimation 

BLX-9252 32K Byte Bubble Memory 

Exp.snsion Module 


Documentation 

420400014-000 NBC82851 User's Manual 

(order separately) 
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LIFE SUPFOBT POLICY 

NATIONALS PWODLICTS ABE NOT AITTmOFiIZED FOB USE AS CBITICAL COMPONENTS IN LIFE SUPPOP 'EVICES 
OB SYSTEMS VYITMO'JT THE EXPBESS WBITTEN APPBOVAL OF THE PBESiDENT OF NATIONAL SEMICONUUCTOB 
COBPOBATION As u»«d He'«in 


1 Lil* luppon Devices ch tysiefns vt Devices oi systems 
wiMcn lal t'e mier>DeD loi suigicii impiani into ITie 
tx>Dv O' (M support Of Sus'ain lile enfl whose lAilu'e lo 
perio'm when pfooe’iy useo in accoiDence wnh m 
tt'uclions lof use pfOviDeD in the labeling can be tea 
lonabiy enpaciao lo fesuH in a signilicani injury lo the 
usei 


2 A crilical component is any component ol a iile suppon 
Device O' system whose laiiu'* lo pe'lo'm can be 'ea 
sonab'y e«pectea to cause me is'iu'e of me me suppo'i 
Device O' sysiem of lo aiteci ils saleiy O' elieciiveness 


2 


• Me I* 

C» • mv 

t* ,«oi w im 

<«if Ui o«c rmm 


> n I 


rjr*" 

fW’ 


*mt* m jm*' 
t* It) M» 0 »' Mai— I — >1 

tm:y 

tMa «)tM kUsat • 
Utm »«’WW ail 


« li »Wi M MM—t Ml IM 

*e«« »«#—.•»«! .«sa M 4 (.• Ac 4 W N.fp 

Ike— <« )'4) 

1* 0)'lk4)i> 

Hi I—i MvlK— 

tl}>«» lAC **MsC 


W » M 


tm -a— •«— t — • «aN 1 
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ORIGINAL PAGC 

BLACK AND WHITE PHOTOGRA0( 


VERSATILE SPEECH MODULE'^ 


^£Aa<ic' 

(VSM/1) 





FEATURr.S 

• Trua tynthatic apaach tachnology and a built in 
microcomputer eliminate the constraints of a 
small fined vocabulary speech module 

• Ultra low bit rate of the SC 01 manimizei ROM 
word storage capabilities 

• Large lexicon of con.monly used words with 
industrial engineering base stored in EPROM 

• ■ Built in prafix/suffix table for prestored words 

• Additional vocabulary can be created and 
permanently stored 

• Phoneme accessing capability for unlim"ed 
vocabulary 

• Speech rate and pitch dynamic programming for 
stress patterns and simulation of mui.i voice 
environments 

• Sound effects, from gunfire to musical 
sequences can be easily created from prestored 
sound macros Additional sound macros can be 
user defined and EPROM stored for even 
greater flexibility 

• Expandable via interface ports 

• Parallel and RS232 compatible serial interfacing 
with selectable baud rates and terminal modes 

• Foreground and background simultaneous 
operation lor speech and voxOS Ivoice operating 
system) 

• Built in microcomputer can also simultaneously 
perform nHtiiitoring activities and execute 
speech commands 



Figure 1 Votrax VSM/1' " 
(Versatile Speech Module) 


APPLICATIONS 

* The VSM/1 ' ” can be used as a microcomputer 
to simulate or develop talking products, such as 
a talking calculator or talking games. It can also 
be used for unlimited real time speech synthesis 
while simultaneously executing commands and 
performing monitoring activities 

• The VSM/1'" can plug directly into the card 
cage of an industrial control computer to provide 
prompting fo' operating personnel (instructions 
lor a real time situation) Typical applications 
are chemical processing plants, nuclear power 
stations, aircraft systems, seismic monitoring 
stations and automated warehousing 



Diviiion of Ftfderai Sciaw Wniki 

500 Stap/iar.xon Hiqhwxy Troy Mu higan 48084 
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APPLICATIONS (continuea) 

• The VSN*/l'**can operate in a computer to 
computer mode lor tatk downloading in addition 
to voice tynthein It it a tmart peripheral which 
can be used in a distributed processing mode 
Instructions and activities can be dynamically 
supplied from another computer or from t user 
ROM 


DESCRIPTION 

The Votrax VSM/V “ introduces a new level of 
computer speech module performance and (lex- 
ibility It removes the constraints imposed by 
small fixed vocabulary speech modules typically 
used by designers The VSM/1* “ is based on the 
truly synthetic speech technology of the SC 01 


The SC 01 IS a completely self contained solid 
state device which phonetically synthesizes speech 
from low data rate inputs Over 1,300 industrial 
engineering based words can be stored in as little 
as 8K bytes of ROM By using the built in prefix 
suffix table, a repertoire of several thousand words 
can be created Additional vocabulary, tailorod to 
the user's specific needs can be permanently 
configured on up to 8K bytes o* EPROM via 
on board sockets 

Using the phoneme capabilities of the SC 01, 
along with the P'estored words, the VSM/1' “ can 
produce an unlimited vocabulary Speech rate, 
pitch and pause controls can be dynamically 
programmed, via control codes, to produce stress 
patterns By altering the master clock controls, 
many human voice effects can be programmed to 
simulate a multi voice environment 
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Figure 2 VSM/1 Flow Diagram 
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Figure 3. Versatile Speech Module * Circuit Card 


The VSM/l'“can produce d multitude of sound 
effects from prestored sound macros. Space 
sounds, gunfire, explosions, race cars and even 
musical sequences can be easily created. For 
additional flexibility, additional sound macros can 
be user defined and stcreu in the EPROM's. 

The voice operating system (voxOSI may be user 
bypassed. The user can supply the necessary 
firmware to change the system function. This 
change, for example, can be from an experimental 
sy 'tern to an actual application 


The VSM/l'“ has f-our audio sequence memories 
for loading speech callout codes, system controls, 
prestored speech and/or sound effects. System 
changes can be accomplished by placing a user 
supplied EPROM in one of the vacant card sockets 
on the VSM/ 1 ' “ 

The VSM/1' “ can be used as a microcomputer to 
talk and execute commands, or as a sma't 
peripheral that Is expandable by interface ports. 
System functions can be changed by downloading 
3 6300 compatible code segment. 
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SPECIFICATIONS 

General 

• 1.300 + prestored vocabulary 

• Prefix, suffix modifiers 

• Phoneme mode 

• Sf'und effects 

• Speech stress 

• Usable as a general purpose controller/ 
simulator 

Hardwrara 

• SC-01 phoneme synthesizer 

• Pc>werful 680C MPU (microprocessor unit) 
based design 

• Parallel and serial (RS232I interface (selectable 
baud rate of 75 ■ 9600 bits per second) 

• 1 K byte RAM (sockets for additional 2K bytea) 

• 2K byte voxOS operating system 

• 8K byte prestored vocabulary ROM 

• Expansion sockets for an additional 8K bytes 
(27161 to 16K bytes (2532) of jumprer selectable 
EPROM s 

• On board audio amplifier. 8 ohm. 1 watt, ixrith 
volume control 

• Half memory plane expansion connector (32K 
locations out of 64K Customer access to 32K 
locations via the microcomputer data address 
bus I 

• Form compatible with a popular microcomputer 
board 

• Variable speech rate clock 

• Variable master clock frequency circuitry for 
pitch control 


voxOS 

• Full feature byte oriented editor (insert, delete 
change and move data pointer) 

• Computer and terminal prompting modes 

• Phonemes, sound effects, controls and 
prestored speech may be intermixed in any 
audio sequence memory 

• 4 audio sequence memories -t- 1 sound effects 
control memory (16 blocks of 8 parameters each) 

• MetTiOry dump 

• Execute 6800 operating code sequence (for 
downloading or overriding operating system) 

• 12 prestored sound macros (to provide basic 
waveshapes for user selection of features) 

• 4 use.' definable sound macros (to .'eside in user 
supplied ROM firmware) 

• 48 programmable MCRC (master clock resistor 
capacitor) settings *or continuous dynamic 
manipulation of audio parameters (instant- 
aneous course controls) 

• 4 MCRC transitioned trim controls (slowly step 
toward target) 

• voxOS bypass (to jump into user supplied 
firmware) 

Audio Sequence Commands 

• Prestored speech callout (16K byte direct access 
range) 

• Two phoneme execution modes (fixed inflection 
and transitioned inflection) 

• 4 fixed inflection levels (instant) 

• 4 transitioned inflection levels (step) 

• 16 sc jnd effect (commands) control blocks 
(load control memory and pick 1 of the 16) 

• 8 speech rates (will not affect sound effects) 

• 8 pause durations 

• 8 prompting sounds (canned sound effects) 

• Prestored prefix/ suffix word modifiers 
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Votrax* CMOS Phonama S paach Synihaalnr 


GENERAL DESCRIPTION 

Th« SC 01 Sp««c^ Syntt^fttrtr it t complfttly Mlf<oni«in«d 
toltd t*i'tf dtvic* Thit tioQl* chip phonttictlly lynthttirtt 
con*muo'Jt tp9«ch. of unlimiltd vocabulary, from low data 
*«tv mputv Figura 1 

Speech It tynthttiltd by combmir>g phoncmet (the building 
blocks of tpeechl in the appropriate tequtnce The SC 01 
Speech- Svntheti/e> cdntami %r* aittertm ^**onamet which are 
•ccttted by a 6 bit code It it the pro ser taQuentiai 
combinatior> of theta phoneme codat that craavtt continuout 
ipaech 

The SC 01 Spaach Synthati/er it cott-effectiva. cormanat 
minimal power ar>d enabiei in-houae product devalopmanf 
without vendor depandar>cv Signalt from the SC-01 are 
applied tu an audio output device to ampl'fy and drttribute 
th< tynthatired tpaach See Figure 7 



Figure 1 Votrax^ SC-01 Spaach Synthatnaf 


FtATUfICS 


* S*rtg*e CMOS chip 

* 70 biU par tacond 

* .rpir package 

* 0 »>t.i current dram 

* Wide voltage tuppiy range 

* Latched 5V compatible ir>putt 

* Oig^tfti pitch level irtpuft 

* Automatic mhactinn 

* On<chip mattai clock circuit 

* Optiortal tRternal rnatttr clock 

* Varietv of voica affactt 

* Sound tffectt 

* Cuttomer product tacunty 


The daaign of the aguipmani apacthad harem le proprtaiary 
Righta tor the reproduction and ditlnbution of the data oontair^ 
haram grantad aioapt for tha manufactura and raprodiiclion 
of ih# awttact aquipmam 



Figure 2 SC -01 Flow Diagram 
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PHYSICAL DESCRIPTION 


Th« SC 01 Spei*ch J 2? ptn L4tgr Sc4l« lnt«^4li>d 

Circuit which conUins 4 II lh« circuitry necnsstv to gvn»f4te 
phoo«tiC4Hy ^ynthesi/^ %p«M:h ThtSCOt it f4bnc4t*d using 
CMOS technology which otters high input impedence end low 
power drjin 

ELECTRICAL DESCRIPTION 

The SC 01 Speech Syn|hesi/tr is 4 progrerr compatible with 
existing Votrak'^* phoneme svnthesi/ers It requires 70 bits ot 
data per second tor continuous speech production The 6 bit 
phoneme codes are 6 volt logic compatible and are latched tor 
data bus applications A phoneme-constiuction algorithm and 
filters within the chip, create the svnthesi/ed audio outout 


PHONEME DESCRIPTION 

Table 1 lists the 64 phorsemet produced by the SC 01 Eech 
phorseme code it accorr>panied by iti symbol, average duration 
time, and an axampla Tha undarlioed segments of the 
example word demorsstrate the phoneme use 1 e . sound to be 
pronourKed 

Table 2 subdivides the 64 phoreme symbols into seven 
cat gones Each category reprvsents e different production 
feature The first six categories are characterized by voiced, 
fricative (expired voice), srd natal sounds The seventh 
category is characterized by horwmes with no soursd output 

PHONEME PROGRAMMING 

Manual Operations: Votrax^' maintains a library ot 

phonetically programmed words Reference to this library and 
programming manuals will aid m word synthasis 

AutomatK Operations. Votrax*£‘ can supply a micro computer 
system for automatic conversion of English text into phoneme 
sequences This system is particularly useful for in house 
vocabulary development and product sacunty Contact 
Volrax^Mor further information 
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Figure 3 SC 01 Footprint artd (3uthne Dimensions 
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Ptionomo 

Cod« 

PttonomM 

Symbol 

Duration 

(mtl 

(■amp It 
Word 


Phoneme 

Code 

Phoneme 

Symbol 

Our •lion 
(mtl 

C aample 
Word 

N 

EH3 

59 

lacktt 


2t 

A 

185 

dJv 

• 1 

EH2 

71 

tnlitt 


21 

AY 

65 

day 

J2 

rni 

121 

hfi*v 


22 

Y1 

80 

vtrd 

•3 

PAt 

47 

no iound 


23 

UH3 

47 

million 

•4 

DT 

47 

butler 


24 

AH 

250 

mop 

•5 

A2 

71 

made 


25 

P 

103 

past 

•6 

A1 

103 

made 


26 

0 

185 

cold 

• 7 

ZH 

90 

a/urt 


27 

I 

185 

pm 

•8 

AM2 

71 

hooett 


28 

U 

185 

fTijve 

•9 

13 

55 

inhibit 


29 

Y 

103 

any 

•A 

1? 

80 

inhibit 


2A 

T 

71 

tap 

•e 

11 

121 

inhibit 


28 

R 

90 

red 

»C 

W 

103 

mat 


2C 

E 

185 

meet 

•0 

N 

80 

tun 


2D 

w 

80 

win 

9E 

8 

71 

bag 


2E 

AE 

185 

dad 

9f 

V 

71 

wan 


2F 

A£1 

103 

afte* 

It 

CM" 

71 

chip 


3t 

AW 2 

90 

salty 

n 

SH 

121 

shop 


31 

UH2 

71 

about 

1? 

z 

71 

eoo 


32 

UH1 

103 

uncle 

13 

AIM 

146 

lawful 


33 

UH 

185 

cup 

14 

NG 

121 

thinj 1 


34 

02 

80 

for 

15 

AH1 

146 

father 


35 

01 

121 

aboard 

16 

001 

103 

looking 


36 

lU 

59 

you 

1 1 

00 

185 

book 


37 

01 

90 

you 

18 

L 

103 

land 


38 

TMV 

80 

the 

19 

K 

80 

trick 


39 

TM 

71 

thin 

1A 

J' 

47 

|U^ 


3A 

ER 

146 

bird 

15 

H 

71 

hello 


38 

EH 

185 

gat 

IC 

G 

71 

9»' 


3C 

El 

121 

be 

ID 

F 

103 

fatt 


3D 

AW 

250 

call 

.1 

D 

55 

paid 


3E 

PA1 

185 

no sound 

IF 

s 

90 

pats 

J 

3F 

STOP 

47 

no sound 


1 fiutt CM toptOii re Cm sound 

0 nntM pret erfe J to produce J sound 


T»bif 2 Pk^ontmt C«tt9on*t According to Production Ftaturtt 
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SIGNAL DESCRIPTION ($«« F«curts 4 and 5l 


NOTE 


Phon«m« 6 Bit S«l«ction Cod« (Pf-PSI: Oau input ts to sim 
pins Latching is controllea by the strobe (STBI signal 

Strobe (STBI: Latching occurs on rising edge of strobe signal 

Inflectiort Level SettinglM. 121 Instantaneously sets pitch level 
of voiced phonemes 

Acknowledge/Request (A/RI: Acknowledges receipt of 

phoneme data (signal goes from high to low one master clock 
cycle following active edge of STB signal). Also indicates 
timing out of old phoneme concurrent with reduest for new 
phoneme data (signal goes from low to high) 

NOTE 

If external phor^eme timing is desired, phoneme 
requests can be ignored However, best speech is 
realized with internal timing 

Mester Clock Reiistor-Capecitor (MCRC): This input 

determines the internal master clock frequency Select R-C 
values for 720 kHz to achieve standard phoneme timing 
Connect this input to MCX when usmg internal dock, ground 
when using external clock 


Varying clock frequency varies voice and sound 
effects As dock frequency decreases, audio 
frequency decreases and phoneme timing 
it'ngthens Figures 6 and 7 illustrate manual and 
OAC (Digital to Analog Converter) voice variation 
schematics, respectively 

Master Clock External (MCX) Allows control by an external 
dock Signal 

NOTE 

Ground MCRC during MCX operation 

Audio Output (AO): Supplies analog signal to aud<o output 
device 

Audio Feedback (AF); Used with Class A or Class B transistor 
audio amplifiers for added stability 

Class B (CB): Current source for Class 6 "ansistor audio 
amplifier 


Table 3 T mmg Specifications 


CHARACTERISTIC 

SYMBOL 

MIN 

TYP 

MAX 

UNIT 

Input Setup Time IP, to STB) 


4S0 



NS 

Input Hold Time (P, to STB) 

Th 

* 



NS 

Rise Tim^.' of STB Edge ( 8V to 4V 

^RS 



tea 

NS 

A.'fl Width (A'R Connected to STB) 


) 

1 3 

2 

PS 

STB Width 


299 



NS 

STB Low* 

Tsl 




NS 

Propagation Delay iS T B toA Rafter ^ARvV 

^OAR 



5M 

NS 

A B B.« T.m« (Cl(MOIi*« lo*d • 3 #dII 

^RAR 



1M 

NS 

A.R Fall Time (Capacitive load ' 3Bpf< 

^FAB 



1M 

NS 

T imv from A/R Request to ST B Service) 

^ABS 

J 


500 

PS 

Time of Phoneme Duration * 

^PM 

47 

IB7 

25B 

MS 


• Dependent on Vjsrer Clock freoneni y /?0k h/ 

‘ Sirohe mijsi f**main low 1 17 * Master Clork PHnnil' riMog 

Votrax” reserves the ri^t (o alter <ts product line at any t<me or change specifications ot design without notice ar>d without 
obligation 
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Ftgurt 5 SC 01 Block Diagram 


Volra»'£' r«#rva» th« ngh! to alter lU product lir># at any !'">* 0 » Change tpecificattons or design wt:hout r>ctict and wvithout 
obligation 
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NOTE 





Figur* 6 Vart«bt« Voict by Pottntiomatffr Control 
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MCX 
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1 
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1 

1 1 


OaU at addrtu t must ba a pauw pbonama coda 

Muittpla Mana^. Fiaad Block Sita: Saa Figura 0 Mauaga 
addrau block it loadad into tha countar. Tha mattaga it than 
ctockad out of tha ROM by tha A/R signal 

NOTH 

Masiaga Block ■ 2" maximum 

Multipla Mauaga. Vaiiabla Blocx Sin: Saa Figura 10 Tha 
microprocattor load! phonamat into a data but Tha A/R 
signal gar>aratat an mtarrupt rtquxst for aach naw phortama 

CONNECTING THE AUDIO OUTPUT DEVICE 

Audio Output Tha AO signal has a man imum p«a« to peak voU 
aga swing of 26 times Vp. depending upon the phoneme se 
lectad. and the AO signal is 0 C biased 


Figurt 7 Vanabla Voica by DAC Currant In^actior 


TYPICAL APPLICATIONS 


Clatt A Amplifiar: Saa Figura 11 For a smgla iramittor 
amplifiar. tha talactior> cf R. C. or R, vaiuas dapandt upon tha 
valua ol Vp and tha dasirad audio itvtl 


Ganaral; Tha SC 01 S>aach Synthati^tr ittatiiv dasigntd mtc 
syitamt ranr.ng m complaxity from ROM/countars ;o 
microprocavspr contrJIert 


Sirtgla Syitern Saa Figure 8 When the counter is re 

leased (START isTRUEl the message is clocked out of the ROW 
by (he A P s.gnai The svstem must be stopped when DONE is 
TRUE Note When usmg A R tied to STB connect a 01 u' 

i apacitor to TP3 to insure power up reset of SC 01 I 
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Figure B Single Message System 


Voiraa^ reserves the right to altar its product ime at any tim# or charsge stwcificaiioni or design without notice and without 
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lOAO 



PtgurvQ Multiolt FiKtd Block SiM 


ClMt B Amp4ffwr. S«t F»gurt 12 A current lourc* (CB) H 
r»guir*d for thit pu»hpuil Amplifttr 

NOTE 

Minimum powtr tl consurr.td «4>tn tpwch it 
in*cliv« Whtn Vp • ^12# volts and ■ 4# 
oOmt. thf bits current dram is aporommattiy 3.5 
milliamos 

ControNir>| Audio Output Pouror Sat Eipura 13. A rasistor or 
ootantiomttar from tha tpaakar to 9 rour>d can ba uiad to 
mtrol tbt audio output powar 


anTM CLOCK 



Pidura 10 Muittpla Masaapt. Vartabfa Block Sin 



Figure 11 Class A Ampliftar 


Figure 12 Class B Amplifier* 


Figure 13 Controlling Audio Output Power 


For Clatt B Amplifier (pi i mm ) • 6 1 6 ■ IVpl where B n bats or current gam of tramittor The AO Ime is protected by an 
internal series currant limitirsg resistor of 90 ohms maximum If more current is raQuired of the SC 01. then the above formula 
indicates distortion will occur 


VotraiS reserves the right to alter its product lirse at any tima. o* change specifications or design without rsolice arsd without 
oblige^ion 
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T<bit 4 Analog Ouiout Sotof cationt 


CHARACTERISTIC 

MIN 

MAX 


UNIT 

Outpul Voltage lAH ®hor.emel 

18 . Vp 

26 X Vp 


Vp p 

Output Bi 3S Current '* 1 6V< CB< Vpi 

3 5 

7 3 


m A 

ELECTRICAL CHARACTERISTICS T, ■ 9 to 79'C. Vp • 

7 to 14 Vpc 




CHARACTERISTIC 

MIN 

TYR 

MAX 

UNIT 

Digital Input Impedance 

1 m»j 



06m 

input CapK'tanct (P|. STB} 



3 

P* 

Input CapK'tarKf (11. >2. MCXI 



8 

pi 

Digital Input Logic "0" (except 11. 12. MCXI 

Vq 9S 


Vg ■ 08 

^DC 

Digital Input Logic •’ iMCXi 



Vg • 1 0 

'^DC 

Digital Input Logic 0 111. i2i 



2 ■ Vp 

Vqc 

Oig-tai Input Logic "1" (except 11 12. MCXI 

Vo • 4 0 


Vp - 9 6 

^DC 

Digital Input Logic "1" (11. (21 

8 » Vp 



^OC 

Digital Input Logic ”1“ (MCXI 

4 6 



'^OC 

Digital Output Logic ■’Q” (1 smk ■ t BmAi 



Vg-9 5 

VdC 

Digital Oi’tjut Logic 1 ’ (1 source • t 5mA» 

Vp- 9 5 



Vqc 

Power Supply Current Vp • 9V 


9 1 


mA 

Vp • 9V' • 


1 1 

18 

'TlA 

Vp • 14 V * * 


18 

27 

mA 

'Vaster Cloc^ PrfQuency 


7?0r 


Mz 

VC> Input Doty Cycle 

60 40 


40 60 


Vaster Coch Pfsisior Value iWCRCi* 

6 8k 



Ohm 

Vaster f och Capaotor Value ‘MC^^Cl * * * 



190 

pi 


* V4f ‘4f)ie 

*’*V<rnC<? Af AO conn^rtd for Cfsu B 4ud»o dmpiifter fie* siPPL iC^rtOf^ fVOTfSt 
*^reotjenc^ of ¥direr Clock ^ 1 2S MC 

TP1 TP? must If*! opfn for ..ormal ODf'a!>on 


7otfa*V tht f-gh! !o a'lfr ,x% prodw»ci l>^ at any ctiangt \peci*>cation% o# ^fs«qn i^ithout notice and yyithout 

obligation 
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Table S Absolute Ma4imum Raimyt 


ABSOLUTE MAXIMUM RATINGS * 


nATING 

SYMBOL 

VALUE 

UNIT 

Power Supply Volta 9 t 

Vp 

20 

^OC 

Power Oturpatior^ at 

**DM 

650 

mW 

Derating Above ?5 C 


6 

mW ^ 

Operatir>g Ambient Temperature 

T„ 

• tc 70 

c 

Stora 9 e Temperature 

^STO 

-55 to 1?5 

c 

Input Voltage 

'^INM 

-• 5 to Vp*B 5 

''oc 

DC Currerjt M.i» Al>ove Vprtf 5V 

'iNM 

1 0 

ma 

Lead Temperature (soldering *8 sec 1 


3M 

c 


* Oo€rstton stxive Urruti coutd d»msgt rA>« dtvKt 

normal OPERATING CONDITIONS 7v < Vp ^ 14v. O' C S Tp ^ 70'C 


Vo1f«i* re$efvt\ the nghi to alt#' >ti piodaci hoe 4> any time of changr H>ec>hc4tioni oi deti 9 n without ngtice and w thou! 

obtiQation 
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An introduction 

In 1961. Shinshu Seiki Co . Ltd was 
established as a member of Suwa Seiko 
Group, maker of Seiko watches, to 
manufacture watch oarts Subs«,*quently m 
1969. the company was rodirectod to 
develop, manufacture anrf market general 
information processing eouipmant 
Embracing the advanced principles that had 
propelled its parent to world leadership m 
fine watches. Shinshu Seiki. now EPSON, 
proceedeu to become the largest producer 
of small electric digital printers and liquid 
crystal displays 

EPSON has succeeded m commercially 
producing the world s first long-life liquid 
crystal displays, making possible the first 
long-life pocket-site electronic calculators 
This breakthrough wa-s the result of many 
years of concerted R4D effort to refine low 
voltage operation, low power consumption 
arxJ other critical points affecting liquid crystal 
display life We offer diversified lines of liquid 
crystal products made under a highly efficient 
production system-ranging fiom displays for 
panels and ultraslim pocket calculators, to 
displays for watches, audio equipment.measure- 
ment instruments and computer terminals 
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Liquid Crystal Displays 



I . STANDARD UQUD CRYSTAL DISPLAY MODULS 


'[ ModilNa 


DMcHpttori (LSI wamBto) 

Motkila ill* 

i 

ALPHANiNNCmC 

MA-Bt»SOe 

04 cK«i<l 

(32 k 2 hna) 

iBOa 50K 19mm 

1 

6 

MA 6052(1 

40 ChMIl 

(?0k2 lir>«1 

147K 47K 10mm 

6 

MA B055B 

10 chw« 

(16 ki itna) 

03 X 36 K 14 Nnm 

6 1 

MA B0568 

32 chara 

(16 V 2 lir>a) 

il5 x47 X lOmm 


MA-B965B 

120 chaia 

(32x4 linai 

laO X 60 K 20 5mm 

7 ' 

MA B0B;e 

BO cmv« 

(00 X 1 ltr>ai 

260X47X21 mm 

7 

MA BB0OtA 

40 chaia 

(40 X 1 lir>a) 

2l0x50x17mm 

7 

MA BB0O2A 

ao chara 

(40x2 lina) 

210 X 50 X 17mm 

7 

race PK CCS 

MB B!>V16 

3 i;2di0't. 

7mm 

56X24 X 7 4mm 

15 

MD>G16JB 

3 1/2 digit. 

7mm 

56 X 24 X 6 6mm 

16 

SMC ;roOlA (TSC 2001A) 

3 1/2 digit 

Bmm ex 10mm 

60 2 X 36 X 10mm 

15 

SMC 2dOO (TSC ?300) 

3 1/2 digit. 

Omni 

6C 2 X 38 X 10 5mm 

15 

II. STA^C>ARD LIQUID CRYSTAL DISPLAY PANELS 



Modat No. 


n— crlpBon (LSI oumpla) 

OtaM SMThicknaM) 

PW 

OCNCANL PUBPOSC 

LO B709B2 

3*1/2 digit 

12 7mm (IntaiAii Cl 7106) 

52 x 305(1 llnvh 

10 

LD M70lSA/AV/Ai(715| 

3-1/2 digit. 

12 7mm (Intafail Cl 7106) 

508 x 30 5(1 l)mm 

10 

LO H70JSA/A2 

3 1/2 digit. 

12 7mm (Intaraii CL 7100 

508 x 305(1 »)mm 

10 

LD-H7016A/AY/A2(7t6» 

4 digit. 

12 7mm (OKI MSM5829GS) 

500 x 30 5(1 Omm 

10 

1 »-M79iaA'AY/A2(7l6) 

0 digit. 

12 7mm (RCA C04C6&A) 

60 8 X 30 5 n Dnim 

1 0 

LD HT922A/AZi722I 

3 t/2 digit 

8 B9mrr (Inianii Cl 7106) 

50 8x22 86(1 iFnm 

1 

LO-M792:jA/AZ(723> 

A digit 

B B9mm (OKI MSM5629GS) 

50 6 x 22 86(1 l)mm 

1 

LO-H7024A'A2(724» 

4-1/2 oigrt. 

6 BOmm (CM 7224(A)) 

50 8 x 22 86(1 l)mm 

1 

LO-H7902A2 

3-1/2 digit 

17 7Bmm (Intarail CL 7106) 

69 65 x 361 (1 Ikmm 

11 

LD‘H7904AZ 

4 digit. 

17 7Hmm ((DKI MSMSB20OSI 

60 65 X 361 (1 UiTMh 

1 

LO-M7005A2 

5 digit. 

17 .*Smm (RCA CO40&5A) 

81 3x361 (1 *)mm 

t 

LO>H^906A/ 

6 digit 

17 7B (RCA CO4055A) 

93 65 x 36 1 (1 Drrwn 

1 

LDH9003C 

too aiamants t>ar -giapti 

70x22 (1 t)mm 

1 

L0-H»9?6AI720I 

6 digit 

7mm (Intaikil CM7231I 

52 X 22 (6 ttonm 

12 

LO-H7027A(727I 

10 1'2 digit 

7mm (Intarvi CM723?) 

61 x22 (1 i)mm 

12 

LD M792BAj728) 

0 digit 

7mm (Intaraii CM7233) 

70X22 (1 l)mm 

12 

LO B2I0B 

0 digit. 

9mfr. (ITT SAA6002) 

70x30(1 i)mm 

12 

1 0 BthXl.l 

B digit 

7mm (NEC UP07225Q) 

52 X 22 (1 i)mm 

12 

LD M7960A 

4 i’2 digit 

(Inlarail CM 7231) 

50 8 x 30 5 (1 nmm 

1 2 

FOB CALCUtATOBS 
L0-B615 

B digit 

Smm ('Toshiba T6014) 

40x18(1 llinm 

13 

LO 6M 

6 digit 

6mm <NtC UP01832G) 

5?x 15 (1 l)mm 

1 3 

LD-626 

B digit 

6mm (N€C UP01B32 l4) 

52x17 3(1 1)mm 

1 3 

LD-326 

B digit 

6mm (NEC HP016320) 

52x22(1 1)mm 

13 

LO-B370 

B digit 

6mm »NEC UP01831O) 

52 x 22 0 i)mm 

1 3 

LD 0395 

B digit 

4 3mm (NEC MP01032Q) 

40 X 18 >0 7)mm 

13 

LD-B6B9 

Biigit. 

4 5mm (Toshiba T3621) 

40 X IB fO 7)mm 

13 

LD B6S2 

B digit 

6mm ('Toshiba T3022) 

52x22 (1 IKnm 

13 

LD-B690 

6 digit. 

6mm (Toshiba TJB21) 

52x22 (1 i)mm 

1 3 

LD-B4A0 

Caiaoda« 

6mm (Toshiba T3923) 

52 x 36(1 1)mm 

1 3 

LD-B613 

6 digit 

Gmm (NEC UP016520) 

52 X 22 0 1)mm 

1 4 

LD B657 

8 (tigii 

6mm (NEC Uf*D16S4G) 

52x22 (1 1)mm 

1 4 

LD-B676 

11 digit 

6mm (Toshiba T6755) 

52x22 (1 Ijmm 

1 4 

LD-BM>5 

8 digit. 

6mm (f.^shiba T391B) 

52x22(1 i)mm 

14 

LD-372 

It digit 

5 5mm (NEC UPD1656Q) 

61 X 22 (1 i)mm 

1 4 

LD-B4I2 

B digit 

5 5mm (Toshiba T6706) 

52 x 22(1 Dmm 

1 4 

LDB«2? 

to digit 

Bnim (Toshiba T6701) 

70x22 (1 Itmm 

1 4 

LD'BOIR 

10 digit. 

9 tmm (Toshiba T6701) 

90 X. 30(1 11mm 

1 4 

LDBH20 

12 digit 

9mm (Toshiba T6701) 

103 x 30(1 nmm 

1 4 

IDBSCIA 

10 digit. 

10mm (NEC URDl03X>t 

00 X 30(1 limm 

1 4 

TMCPCCCCS 

LD-BI27 

>1/2 digit 

6 3mm (NEC UPDA33Q) 

40 X 16 0 i)mm 

1 5 

LO BI30 

3 1/2 digit 

tOmm (Mitsubishi M5B4I2P) 

52 x 22(1 1 »mm 

1 5 

LD-BI6A 

0 o«gil. 

0 4mm (OKI MSM5557RS) 

52 X 22(1 itmm 

1 5 

LD-8154 

0 digit. 

9mm (Toshiba TC31206AF) 

52 X 22 (1 1)mm 

1 5 

LD B171 

6 digit 

9 1 mm (Toahiba TCB202AF) 

52 x 22(1 l)mm 

1 5 

LD0I37 

6 digit 

6mm (NEC UPOlOOXi) 

70x » 0 3)mm 

1 5 

LO-BliA 

3 t/2 digit 

12mm (NEC lIPOBsVXi) 

70 X .W (1 3Khm 

’ 5 

LD-BO80C 

A 1/2 digit 

5mm|SUWA SEIKO S57aO< 

236x130(0 7)mm 

• 5 


SpacrficMKjnt an tubm.1 «d ciwigi* nnnc* 

Ask EPSON *01 Pw tatMl »o*ci*»C 4 MKyMi «rd produci Un* up 
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Liquid Crystal Displays 



ALPHANUMERIC LCD MODULES 



FEATURES 

Bt/6 or t 16 multiplex drive LCD 
■hligh contrast arxj readability 


DESCRIPTION 

Epson Aipnanumenc Module consists of a 
Liquid Oystal Display. TMOS LSI lo control and 
drive the LCD. and a power distribution circuit with 
temperature compensation circuit A l,'8 Multiple* 
Drive usilig a riewiy developed FEM twisted ne- 
matic type liquid crystal presents complete 5 x 7 dot 
matrii alphanumeric characters and a cursor The 
combination of LCD arxj CMOS LSI affords the 
benefits of eitremely low power consumption, 
compact si/e and light weight The Module can be 
connected directly to any microprocessor charac- 
ter generator and random access merrKiry IRAMI 
This me>pensive display module, suitable for a wide 
variety of acrXicaltons 'orivinng alprrammenc display 
IS an outgrowth of Epson s highly proven techmiogy 


BCompact sire and light weight 
BEasy-to-read character sice (5x7 dot 
math* fixmatl 
■Low power consumption 


in 1/3 Multiple* and 8-digit display developed for the 
harxl-held calculator tie'J 

The LCD Module has two Kinds of CMOS LSI x driv- 
er and Y driver The X driver takes care of driving 
40-column lines(8charactersl and the V driver lakes 
care of row lines (8 backplanes) The V driver also 
controls the whole rnoduie operation Basically, trie 
Y driver addresses and selects the mlormation con- 
tained in RAM It accepts the data input Nvough a 
character generator and displays it New display 
information is written by addressing trie memory by 
trie CPU after turning the address bus of the module 
10 high impedance state by an ADO FLT signal A 
cursor can be displayed at any place by addressing 
It to the module 
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Liquid Crystal Displays 




SYSTEM BLOCK DIAQRAM 



X DRIVER a DRIVING WAVE FORM 





LZ —LI 


x:; 






INPUT/OUTPUT SIGNAL 


Aooar 

(INPUT) 

AdOrots floating bus 

CuA STB 

(INPUT) 

Cmor addraas Signal 

CURINH 

(INPUT) 

'0‘ whan cursor is uaad 
’l‘ whan cursor is not used 

AOito AO. 

(OUTPUT) 

Address bus of character data to RAM 

All toAI. 

(INPUT) 

Address bus for ossa input 

0 

(OUTPUT) 

Synchrorxms signal to character generator 
if necessary 

Si to Sj 

(OUTPUT) 

Row select signal to character generator 

csil. cs^ 

(INPUT) 

Select sigruil for mrduie at cursor address 
input 

01 tootv 

(INPUT) 

Parail# data of character for column line 

CE 

(OUTPUT) 

Synchronous Signal with memory if using 
semi-static RAM 

v,„. 

(INPUT) 

Power supply for logic c^cmt 

Vl. 

(INPUT) 

Power Supply for LC dnvtr>g 


TIMING CHART 


IB 


FloMing 


AO AO. 

frcm Modultl 



\ 


t( iw 5 0^ 




CUB SW 



I) mn ftO^ 
tj mm S 0^ 


Ot- Oh 


C O oi/mrr data oclay tme 



m«i 50i« 


SCHEMATIC DIAGRAM OF MODULE 



T 
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Liquid Crystal Displays 



ALPHANUMERIC MODULES 





^ 4 no 



I DCX3nO C “ 


4S5tO»79l 
J 510138) 
Ot3iC006“ 


si 



DQCZZ 


MA B9S28 


Mi(«> 

•4V0S*’- 



MA 89558 


» ‘ ' A ‘ 



n im ir 



“•AA 


4 5S0 1 •'»» 
JtM0L<8» 
i » jic joT 


l-l 



MA 89588 
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Liquid Crystal Displays 












EPSOt^ 


Liquid Crystal Displays 


EPSON LCD'S FEATURE 

• Ultra Low Power Consumption 

• Excellent Readability/Wide Viewing Angle 

• C-Mos/TTL Compatible 

• Multiplex/Direct Drive Technology 

• tOO.OOO Hour Expected Life 

• Wide Temperature Range (-30’C to +80'C) 


• Proven Reliability/Excellent Quality Assurance 

• High Contrast/Bright Backgrounds 

• MIL-STND Connector Pins 

• Reflective/T ransmissive/T ransflocfive Versions 

• OIL Pin/Spring Pin/Pinless Version 


TYPtCAL PERFORMANCE SPECIFICATIONS 
Absolute Maximum Ratirtgs (with polarizers) 


PatHTietir 


Corrwnaroal 


Wida Tamparati#a 

Unft 



Static I 

Static 11 

Multipiaxad I 

Static A 

StabcB , 

Mgitiptasad A . 

L 

.1 

Appifed Voltage. AC 

to 

10 

10 

20 

! 20 

20 

Vnra 

Applied Voltage OC 

35 1 

35 

* 35 

7 

] 7 ] 

7 

V 


Operating Temperature Range 

-K)' +55_^ 

-10 ' >55 

* -10- > 55 ^ 

-X *B0 

‘ -X- +80 * 

-10- >X 

’ 'C 


Storage Ternperature Rar^e 

-20 + 60^ 

- >00 

] -20- >60 ' 

-40- >85’ 

] -40 >85* * 

-40- >15* ^ 

' *c 


Operahng Fraguency Range 

30 100 ' 

X 180 

80 300 

X-lX 

60 IX 

GO XO 

Hz 



* In CAM of OIL pin connector type, tne range it - 30 4 80 

Recomm»nd«d Operationg Conditions (with polarizers) 

I Liquid Oyitel Matenai 


Paramelar 




Commercial 




Wide Tamparature 




Orel 


Static 


Static II 

Muitiptehad 1 

Static A 

static B 


Multiplexed A 


Operating Voltage 

27 

31 

33 

3 5 7 



35 

5 7 

35 

5 

7 




VfTTH 

Operating Voltage 

54 

62 

66 

6 to 14 



7 

10 14 

7 

10 

14 




VpeeK peaK 

Ooe•a^ng rOftage 





2^5 31 

3X 







45 

•1 

V 

Sa^Jra^on Voltage 





'2 








•3 



Openiting Freouencv Range 

X 


IX 

X IX 

X 

IX 

X 

IX 

X 


ix 

X 


IX^ 

Hz 

Operatirtg Temperanjre Range 

0 

25 

40 

0 25 40 

0 25 

40 

X 

25 X 

-X 

25 

a.' 

to 

25 

X 

c 


*1 T 0rv>oaraKae cortparfMtion <t requeed 
*7 Vor • I aPViintoi Vo««’ O^iMasi aindition* 0 40'C 
J Von • 2 PAVimtrti volt • i AAVlMaxi Conoihons -1Q 60^ 


Typical Operating Characteristics (on typical conditions) 





LKMd C/yatai Matanal 



] 

Pwameter 


Commarcia 




Wide Temperatue 

■ ~1 

Urwt 


Static 1 

Static II 

Multiplexed 

1 

Static A 

Static 0 

Muitipieied A 


<-'peraling Current 
12 7mm(0 5 1 chara *\e*ght 

12 

1 5 

12 


15 

1 5 

1 5 

uA digit 

Ope«atirig Reeponse T<me 









Tr (Ta-XXl 





25 

25 



Tf (7a-X*C> 





40 

X 



Tr (Ta . 25‘0 

IX 

tx 

IX 


45 

40 

iX 


Tf (Ta»25*a 

IX 

IX 

t» 


75 

X 

IX 


Traa-OTl 

600 

400 

500 


IX 

tX 

XO 


Tf (TawCrCt 

400 

500 

400 


JOO 

120 

300 


T»(Taw 2CTO 





lOX 

360 



Tf,Ta- X*Cl 





1X0 

400 



TfiTaw X-Cl 






XO 



TfiTaw-Xn 






XO 


me 

(Contraat Ratio 

XI 

XI 

XI 


Xi 

XI 

xt 


(ipected L'fe 

xox 

xox 

Mono 


KXIOOO 

txox 

1X000 

Houx 


Note ADcve are rypKAi speciticetione Kv you reference P< — t e att for an »ndiv<duei tpocif>cetior« of each 'node* for def>rn>on and confirmation 

Ciefore .teegn 1B4 
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Liquid Crystal Displays 


Typical Envkonmantal Taal Spadflcallorw 


j 

UqiMOyMk-aM 

1 

Mcl.n Mi»taari| 

1 MtaAIMMadA | 

Mcl 1 

A No Polaruara 

box;. 99% naMrva Hvmdfty 
eox:. 70S RNahva Himidty 
6 PoNrtiaa gluad 

eo*C. 70S Aaiaaiva MivnidRy 
40*C 90S Oalabva HifftwMy 

> 100 

> aoo 

> 300 I 

> 200 

- - -i 

1 1 

1 ^ W 1 

1 > 2.000 1 

> vooc 

> 800 

1 > 200 M 

^ > 2.000 H 

■> 1.000 H 

> 800 H 

^lannat tfiacA 

• X tor JOminutaa 29“C Hv Smnnulaa 
4"C tor 30niinulaa. 90’cyctaa 

n 

.--JO 

X- eo 

• --40 

fim 86 

• • -40 

0m 86 

^aaaura (AMhid^ 

aacaadi MIL*ST0^6ft3 aacbon lOOi Qrada t Tha LCD w«ll 
oparaia abova X totanalars it anthm iha oparabog Minp ranga 

X-30 

x-x 

X-X km 


Ma c hani c al Spacificatlona 


P— nfi I 

I Mia 1 

ra 

1 Mil j Urat 

MadMod thock 

Macharacat shock coraubno ol 800 Qa 4 1 miWiaaoond of halt mm atoom m tvaa 
mubjaHy paipandcular aaaa T:ia LCD • tuad m poaibor> on ai bent sialaoa 


1 

Cyda 

VIkraOoa 

Ona Logarylbmic traouancy taraap bom 10 to 500 Hi (utxackM) al 10 Qa. or i 52n«n 
antokSuda taaach^ar « amaHad dump a IS mtnuit bma panod Ona aaiaap a raCMrad 
m aach of tfaaa mutually pawidciAar OMa Tha tCO a Mad m poaibor on 8i bora 

autaca 


X 


Caanaetar Mn Baatf Taal 

W4h ar> 7 ouioa wai|/H aOachad to too pma. 9v« pm ir^ awoaad ttvaa 80* bards 
batora braakinq 


3 

i 

Banda 


Exampla of aaaambly (Raflactlva typa) 



No«» • pmn m carvMhr m qmm 

• AvomI d»«ci su^tigN 

• Do not ttof* o«n»ii m tni/a hig^ h^r dRy anvvonmani 

• Omh narrl wtVt «««t or atcxM ciot^ and potvuw wm or dry oloRi 

• 1^9 •*x« (R rxjuaifvwwxlow should b* i«m 9w d«dl«y sa« ol panai 

• A orolacia (iv dav acryi ptaM afrouid ba nn iha vaahtfig houamg lo caoiaci fbapiay bom phyticar 


• DwRay ahodd not ba dhiar by a draci cuvan load 

a In caaa of tcHdano g . dipba> B of pma ao*da> al 290 ‘ SQCTC kv Mkxii 5 aaoondi •faoommandad 
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Liquid Crystal Displays 



^NERAL ^RP(^ LCDs 

_ wo^n ^ 

(f ' 

t 

0 

L , 

LD B709aZ -?>€■ 




10 





LO H7«1tAT (LO triMI LO H791SA2 <LO 871M/) 
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_ __ 




LO H7M2A fLO t72»T) LD-N7«a2A2 (U> •722U) 


Mi 


Kt> 

a *5 




••JB ^ 

- _ 


r 


B.MB 


r 

■ c 


* 

' • I, 

•J ' 


^I.BiB:B.B 


r; 

I 





u> M7M3A ILO araMvi lO HTtaiAZ traNZ) 
LO M7924 U> t724» LO MfM4A (LO t724tVI LO N7t24A2 (LO •724U) 




AM 


8.818.8 


^ LO H7Vt2A2 


|^«c«> t M k 9 • MO > ■ « • ^ 

LD-H7t»4AZ 


HL. 


t «D MJ> * HO CM> 




9 ^ 

fiMi 


M's* 




i'*, 


illllllllll 


ID Hf002A 



— d — ^ — d 

r , 



0 0 d-o 0 

**» 


■«s 

1 

OtOiOt OlO 

*' I 


*1 

- 4 - — w— 


r* ' 


i 




^ p«c«> <M-|« •«•»«*> *>«*f 41^ 

LD MTttSAI 9LD S72M 


SL.. 

oo aj. , «jwJO* 



LD W 7H M 


nao 4 ^ 1 w ) 04 > 




EPSON 


Liquid Crystal Displays 


GENERAL PURPOSE MULTIPLEXED LCDs 



Ml 7 0 «T) 




4 fc 1 77 J> 

CUM 3 ) | 0 (M 9 > 

1 





i 

1 

! 1 3 ' 

2 f S. 

JBBiHiSlB., 


1 

1 

t 



) 




rC<M> -OUAk 


f I t 

» ‘ f. 


4 




LX) Mrm (10 tTMTI 


•Hjt. _ 





I 


LO H7«27(LO 177/V) 



:il BJBJBJBJ 


LO Mr»t ILO •7>tVI 


LO ttlOS 


!C£ 


•, I- 


Uf 


! 0B808BB0 

i 1 






i ■' 


IH 

til 

ie« (< 


I 


! 


t - 

L 


IM lATTBR CTOTf 

-IMB.B 


I 


>.W. 


LO M003 


LO N7t#OA 


>2 


188 






f 


Lipuid Crystal Oisplav« 


EPSCH^ 


FOR CALCULATORS 


■ FOR 8 DIGITS CALCULATOR BFOR 8 DIGITS CALCULATOR WITH CLOCK 





LD M90 



LD MtO 
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Liquid Crystal Displays 



IFOR SCIENTIFIC CALCULATOR 


«nojqi •«<r ^ 

it -A*™' ~ 

r I ! I, j : — 


I FOR DESK TOP CALCULATOR 


111 

‘V 

I .. 

i 


Ir 


8MB.B.8M' 

mm* mm*» lev* •« ^ 


■ wo o . ■■ aai 


LO 



«»ooa 

18888888888 

,/ 

. 1 


oa oojii 

LD S413 


'koou »0> 


* i > 


.•M 

' * ' ' ■ ! I 

T8MB.8.8.88. 

! 

m fm MM* XMM I* 


I . 

t 

«!i! !i 

V •' 


mB.Bsmm 


OIOI^ 

LD M%7 


1 * • ti 


LO M77 


M 

?A 

III 


1 


I 1 

189888888888 


' fB.B.BMB.B.B.BB. 

L._ J 


'I 

1 " 


10 B«r» 


I ' 


I 1.1 , 

»} " 




! 8 88 8 8 88 3 

I ■ a •«** atoo4£Mrfkoo 


"1 


7888888888888 . 


• • II « « 


‘?V : - 88888 . 888888 . 



^ WB WM M* ••• •• • I 

laaaeaaaaaa ::: 

. I P>rnwmmcKC»*0C»»tgmtttmm 

1 r 



. - . >• 
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Liquid Crystal Displays 
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Liquid Crystal Displays 




FOR REFERENCE OF MODEL NUMBER STRUCTURE 


EPSON LCD model numbers are structured based on the following 

I I . NEW MODEL CODE 


LO-BU6543AZ 

T T T r 7 7 


1. PRODUCT MODE 

LO Panel or panel with ptna 
M ■ Module 

2. FLUO TYPE 

(Blank) Yellow 

B While 
G Guest * Hoat 
H High Quality 
j Guest • Host 
High Quality 

3. VIEWING ANGLE 

(Blank). 06X0 clock 

iBotlom to upl 
U I2i»0 clock 

V 09 X 0 clock 

W CS3 X O :!OCk 

Y 03 X/X 00 0 dock 

T 04 30/07X0 clock 

s 01 30/10 X 0 clkx* 

4 APPUCATX)N 

5. SERIAL NUMBER 


-9. COLOR CODE 
-8. DERIVED NUMBER 
-7. CONNECTOR TYPE 

(Blank) Rubber Corviector Type 
Z OIL Pin Connector Type 
Y Spring Pin Connector Type 
X With FPCB Type 
W Soldenng Type 

-C. EQUffH iA. 


Symbol 

.. sje ‘jQOar Parts Rear Parts 

61^ 

A 

Reflective 

B 

• 

C 

Cell Onfy • • 

0 

E 

TrartSfT*issive 

F 


G 

J 

K 

Tran$ftecti.e 


i 1 Glued. Attaciied EiciiiOed 
2 ♦ (Jocer P^ Ucxier DOiar>ze( witn u v filter 
♦ Rear narts 

1 1 Reflective Poianze* wlf^ 'e*i«cto» 
a TranseiiSS>ve Poiar'Zer wm U V • irer 
3i Tfansftective Poiarrer wtti U v ''>ter a«c 
transf lector 


II. OLD MODEL CODE 


LO^ U 3 2 1 8 Z 


1. PRODUCT MODE 

LD Par«< or pane wtth p>ns 
M* Module 

2. FLUID TYPE 

iBianki Yellow flciid 

6 White huKJ 

3. VIEWING ANGLE 

iBiwiki 06 X G rKKM 

>BcRom to JOI 
U 12 XC dock 


7 SPECIALITY 
iBlaiik) Not Apeciai 

Z Special (Ea With OIL ^)insi 
6 EQUIPMENT 

llUPltar -*000* 

Symbol - P 

iBiarwi 


_*ooe* Rear 
CR^-arrer ooi«>.-e» 


4 APPLICATION 

5 SERIAL NUMCER 


Noiet lO Glued Anarheo Eicu.dedi 

2 Rear odar'rer wn.cf’ >s not .ifiacheo Dv ewecto 
>nri<j(lee UV fiiten 
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Liquid Crystal Displays 



CUSTOM 

Liquid Crystal Displays 


• Contact EPSON reixesentative m 
youf tefiitory cv head oWice ti^i 
delivery and pncing intcxmation 




Dimensions: 

A Glass lerkjth 
B Glass width 
C Bav Kglass width 
0 Contact planr' oWsel 
E ^ ypicoi seal width 

(3mm IS rpcommendedl 


mm 

mm 

mm 

mm 

mm 


f Glass edge to viewing area 
G Mm height ot viewing area 
H Min length ol V lewmg aiea 


mm 

mm 


I 

J 

K 

L 

M 

N 

0 

P 


Chaiactei height mm 

Glass edge to lirst contact pad 
Pilch ol contact pads mm 

Contact pad width mm 

contact pad space mm 

Panel thickness mm 

Connectoi pin length mm 


RONv-lo-row spacing ol connectoi pins 


mm 


mm 


mm 


Operating Conditions 

M-- I VP 

vywapno V.WWIV 

* 'vguvr'k > rw VP 
cV**«tirv Mnogip 

Driviryg Method 
(Irivr 

1 a’ 

1 .1 

1 4 muttip*#* 

1 8 
I 16 


Viewing Ar>gi« Rtflector 


bOOOciocK 

iSTNO hOfliwr • ut)1 
DC O i-kX'K 
9 00 0cKx> 

.1 00 O ctocK 

3 00 9 00 0ckirh 

4 30 i* JO O ckx K 
130 lO.VOckK k 


B»uSNk 1 UlljmuHjr^ tO'* (STNPi 
Stlv«>f NNivIfi 

Tf4|MSt»#c!kV 

ConnectorType 

bp*«r>g pin tTi»l^1>nr ftrmp v'nl 
DiL D*n 


Pol«rizafS 
Com»T>#tci«i 
Mi.jh qiMlJi»V 
lAfTiif lAllKl 
LtX>»» 


LSi 

AppiirntH'fi 
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EPSON 

SHINSHUStIKICO LID 

HEAO OFFICE 4 PLANT 00 HircwAa. Shioi«i-Citv N«g«r>o. J99-0T Japan Ta( O2630-2-2SS2 Tel«> oai* ?214(SHINM J1 


OVERSEAS AFFUATED COMPAMES 

EPSON AMEiaCA. me ILA.I 

HmvlfvivTv Rtvtl Tisrark'W Citfit A160B 

EPSON AMKnCA. *C (N.V ) 

« <.\mrn UiN v.Hk 

T***« |« 5KC.‘^:o 
EPSON CrUTSCHLAND GMBN 
Am .'4 AlKX' n f R Li«r«vany 

p*«w OP” NAwr T*»*. i4i) n»fMrm 
EPSON UK LTD 

SH«r*tvnt1 t ^ Ni»1Nt« fAv«d 5WxJ»> Harviw HAP iV 0 U H 

• Ot 4PP 0* 4P7 M10 T«fe»« iVt Am4ffW 

EPSON aicvnmcs tiuomg ltd 

*<4 N»4» i •*'«• 10 .'4 ^4kitxry Riiari 

fA«>g A(Tf>g 

»'NTn» V<n»A%4j>«P«s.U4 Tmi |«{^A 4rt4 


AlTTHOraZED OISTI^ BOTORS 

MSWITZmANO 

HEAOOEfCt W MOON AQ 

*A CHAH^ Rpgii«'m1i3r< 
lOII Ml'' fW44 T«M«i <4*4 V.XH, 


SUBOAPy w Moot S.A. 

4 v 4 ^x» m ,1 CM (x?j 


H 


M wruT<iCNMANY 


IN AUSTKU 


CC*1 » V 44 T»tp« yjft.-' 

TTCHNOPNOkiCKT GA«H 
Namria-h IWaTWV> SttAiiMi JO 
fOOO 1 

^’*xmiMO?n> Tm** i4*i 

Nr MOON GMBH 

S»Ti NpEVNia* t 1 • ttvi Ww' 
r«N>n» Ah4f T«iai» ,4V ■ 
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ORIGINAL PAGC 

dLACK AND WHITE PHOTOGRAPH 


SHARP S-1021A/S-1050 

EL Display Units 


Sharp’s electronic technology makes possible new computer 
systems, with a slim, clear EL display unit 



ORIGINAL PAGE 

black and white photograph 




circuit 

O0«rt) lO' tull 
giaphic Jisoi«* 

5 


Sharp’s EL display unit— the 
consolidation of a thin-film EL 
display panel and high-voltage 
MOS 1C logic circuits. 


Sharp's EL display unit is composed of 
parts: an advcnced thin-film EL display 
known for its high brightness and long 
and reliable high-voltage MOS 1C logic 
circuits which havs been developed for 
panel drive. The un t also has a logic 
circuit which can be controlled by 
external signals. Graohics and 
messages can be displayed by 
three DC power sources and four 
input interface s'jnals supplied 
at the LS TTL level (data signal, 
data transfer clock, horizontal 
synchronizing signal, and 
vertical synchronizing signal). 

Moreover, the EL display unit 
is clear, thin and has a wide 
viewing angle. It allows 
incorporation of various 
terminal equipment to form a 
new system. 


two 

panei 

life. 


• Circuit 

bO«ra for coO«<] 

grappic d'Spiav 

S-t02«C 


System configuration of EL display units 

The sample system configuration 
Illustrated here is for a full graphic 
displav using a Z-80 microcomputer. 


EL <Jt«p«av unit (Sl02tA or S tOSOf 


• Main applicationa 
With vancus terminal equipment— 
Online terminals, bank terminals. 
POS terminals, office computers, 
personal computers, word 
processors, electronic 
typewnters. and educational 
equipment 


With measuring equipment— 

Logic status analizers. manufactunng 
process control monitors. NC's. and 
measunnq equipment for medical 
electronics 


Sc«n tf*ctroO« 
dnvvr iCt 


MoOui«lion (jhvt 
circuit 


/#nf#/rtfr»sn 
jnv«r circuits 




ModukStion 
dnvp Circuit 


CHciiistor 
srx] dtvid* 

circuits 


Nois) OtH 



0«ts trgrs«i 
Oats trsnsfar CfOCS 
Honzofttai Sync signal 
vartical SyrK signal 


ivT *»vT »5 vT GNiot 


Pu«a« Suppfy unit (S fCMOt 







Fialuitt 

•SHm and Ught In waighl 

Due to the consoltdated 
construction ol a thin film ‘ 

EL display panel and 1C 
logic circuits, the unit Is 
very light and compact. L 
■Clear and stable display The desired display ' 

position is specified by selecting some of j 

intersections of the vertical and horizontal 
electrodes in the X-Y matrix panel. This means that 
the display image is clear and stable without 
distortion, drift or glare. 

■Wide viewing angle Thanks to the thin film's 
luminescent elements, the viewing angle is wide 
and convenient. 

■ Easy-I»read display The orange-yellow readout Is ' 
very effective in minimizing eye strain. 

•Complela display with a fulHIne declroda 
conUguraHon Since the X-Y matrix electrodes 
conshtute a full-line configuration, graphic displays 
as well as character and symbol displays are 
provided. 

The stnicturt «l the X-Y matrix type EL panel 

The EL panel has a multi-layer constnjction ! 

consisting of an EL layer sandwiched between 
upper and lower insulating layers. All these thin 
films of the panel, except the back At electrodes, 
are transparent The electrodes are arrayed so as to 
intersect with each other at nght angles and form I 

an X-Y matrix. When AC pulses are applied across 
these two electrode groups and a high electric field 
is applied to the specified electrode intersections, I 
the corresponding picture elements emit light to i 

form the desired Image. 



TO 
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origin'a;. ^age 

BPVCK and white FHOiOGRAFH 


MICRO SWITCH 


product sheet 53SD5-2 

MOS ENCODED COMMUNICATIONS SOUD STATE KEYBOARD 



The 53SD5-2 is a low-profile, modestly priced key- 
board, ideally suited to conversational time s.iaring 
terminals for online inquiry. The keyboard utilizes 
the time-proven technology and reliability that made 
MICRO SWITCH the number one solid state key- 
board manufacturer. The keyboard incorporates the 
proven approach of MICRO SWITCH Hall-effect solid 
state keys coupled to MOS encoding, thus eliminating 
all moving parts except the key plunger. MOS in- 
creases the number of functions the keyboard can 
perform, while at the same time allowing significant 
cost reduction by reducing the number of compo- 
nents required. 

The "Model 33" array, similar to typewriter key- 
boards. is familiar to thousands of operators and thus 
trained touch typists will readily adap'. C^ery aspect 
of the keyboard is designed for maximum operator 
throughput. This includes operating orce, key spac- 
ing, burton shape-, legending, and silrnt operation. In 
addition, an electronic two-key ronover is built into 
the keyboard circuit. It allows the operator to roll 
keys during "burst speed" typing of familiar words 
without entering an erroneous code. 

The keyboard is encoded with the USASCII code. 
There are four modes of operation: 

Mode 1, unshifted, the code for the characters ap- 
pearing as the bottom characters on the keytop 
IS generated. 


Mode 2, shifted, the code for the characters ap- 
pearing as the top characters on the keytop is 
generated. 

Mode 3. control, the code for non-printing func- 
tions is generated. 

Mode 4, control and shift, the code for special 
non-printing control functions is generated. The 
code and character assignments are given on 
page 3. 


features 

HALL EFFECT SOLID STATE KEYS COUPLED 
TO MOS ENCODING . . . Gives greater reliability 
with significant cost reduction. 

FAMILIAR "MODEL 33" ARRAY . . . Ideally 
suited (or on-line inquiries. 

USASCII CODE ASSIGNMENT . . . With four 
modes of operation 

TWO-KEY ROLLOVER . . Permits high speed 
operation 

QUIET OPERATION . . . Only moving part is the 
key plunger. 
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PRECEDING PAGE BLANK NCI rILN'ED 


MOS ENCODED COMMUNICATIONS SOUD STATE KEYBOARD 

MOUNTING DIMENSIONS (For R»<e:enc« Onlyl 



SPECIFICATIONS 
ELECTRICAL DATA 


Power 

Requirements 

I . ^ 

*5 VDC *5% @ 500 mA max . 250 mA Typ , 
12 VDC *20% @ 50 mA ma* 40 mA Typ , 
Keyboard Ground @ 0 Volts 
Note Tolerances include r'pple 

Deta Key 
Outputs 
(Positive 
Logic) 

Logtc "0” 0 40 VDC max © IR mA max 
(sinking) 

Logic "1" *2 4 VDC min €>400uAmax 

(sourcing) i 

Data t :s are held m memory until the next i 
key i; depressed * ] 

Function 

Key 

Outputs 

Key Opersted 0.4 VDC mjx P 8 mA mjji 
(Staking) 

Key Unoperate<i 2 4 VDC m/n ^200uA 
max, (sourcingf 
F 1 HE RE IS (Station 1 7) 

F2 REPT (Station 561 
F3 break (Station 571 

1 

STROBE 

L 

(DC Level Strobe will go to a logic *'l" 5 
microseconds minimum after data bit* , 
are stable i 


TERMINATION 

Card edge output with gold plated terminals accepts standard 
connectors such as Cinch 251 12 30 160 with Type Q Key 
(No connector is furnished with this listing ) 

riUTTONS 

MICRO SWITCH double shot molded truiuated buttons, 
med.'jm gray with white legends tor touch typing Keys and 
dark gray with white legends lor all control amt lur>ction keys 
All Ixittons have a matte fm'sh 

KEY ROW OFFSET 
3/8 3M6 - 3 8 inch 

KEY SPACING 

Keys spaced 3/4 inch ctnter to center 
BUTTON ORIENTATION 
Sloped 
WEIGHT 

With Enclosure and Connector ? 5 iln Appro* (53SD5II 
Without ErKlosure and No Connector 1 75 lbs Appro* 
I53SD5 2I 

*B*t ? t tivMivt 'Jtcf'ed n Mon^s I #■»<» ? B t 7 ^,ii be arc»»e»} .« 
MoOet 3 aTHl 4 lo» **v» '►''u 34 i*»ci 46 n-'u S3 »vI' '» 

Cor'MOl *ev >44) >« b«iil deptrstetl 
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t (Unthifttd) 
3 (Control) 

2 (Shift) 


< (Shift Control) 


T[ IQ1 [ ooo^T o I 0 1 ooo^ I PCI 


■Mort M t£CI I 


0 ' 000 ^ TO’* SOM ■ oTooc |ooci 
0 ]0D’ ^00”! bcj ~|~o '~|'o 6 ^* OP’^ 
0 ^Qpc_^0»00^ tO» 

’ ^OOO 0”0 ACk I ’ TO^0”0 


1U0 jO’y 


Ft^CTiQN Output 


AUKT ON OuTP\jT 


Note Th« keyboard P«nel mutt be 
eiectrictiiy tied to tysterr cf.atsis 
ground to preveni electrostatic 
damage and noise pickup 


[T5To7S:,9" 

Tj 


TIm! 

I’TO can 

11 


^"1000 




^11 

OMC S*N 

-'’1 

*'4 

Ono 

□P’O 

0 

00 c 

00<0 

mo as 


00> 

• 110 

”0* ' OS 


00' 

••«■ 1 

119 ? < 


0" 

1’nr 




MOS ENCODED COMMUNICATIONS SOUD STATE KEYBOARD 


jiriiihii I '/((■( I 53 SD 5-2 


OPTIONS 

Addiliondt ftexibtiily has bean en- 
gineered into the 53S05-2 design to 
inexpensively provide the optional 
leaturt*s 

1 Key Number 24 {ALT MODE) 
a. Code change to "ESC" - 
(0011011) 

b Function key '.ermmatinq on 
coni>ectOf pm "C". 


2. Key Number 35 (LINE FEED) 
a. Function key terminating on 

connector pin ”D". 

3 Key Number 36 (RETURN) 

a. FurKtion key terminating on 

connector pm **E*’. 

4. Key Number 55 (RUB OUT) 

a Function key terminating on 

connector pm **F". 


5. Negative logic for data bits and 
strobe. 

6. Even or odd parity. 

7. Tn-shot buttons, with legends in 
two different colors, may be speci- 
fied for visual separation of keys 
that generate control codes. 

8 If on enclosure and conrsector are 
desired, order catalog listing 
53SD5 1. 

9. NKRO (N Key Rollover) 


SYSTEM INDICATION AND CONTROL 

1 Control Th.* keyboard can be externally shifted between 
Modes I thru 4 by providing an open collector TTL gate at 
pm *N' (Shift) and pm 'L* (Control) of the connector and 
by supplying the following dr*ve capability 

Input active, 0 4 VOC max. @48 mA max. smk ng 
Input inactive. 2 4 VDC min @ 200pA max leakage 

2 Ind'Cation The shift and control lines can also be used as 
mode identification to your system. These outputs are TTL 
compatable and capable of driving the following toad 

Mode active. 0 4 VDC max @ 3.2 mA max sinking 
Mode inactive. 2 4 VDC min. ^ 200pA max leakage 



As an ootion MICRO SWITCH offers an enclosure and con- 
nector as illustrated m the dimensmn dra.«ing The cover 
IS dark gray high strength ABS and the base is light gray cast 
aluminum alley. If an enclosure i> needed order catalog list 
mg 53S05 1. 


ORDERING INFORMATION 

MICRO SWITCH field engineers m branch offices through- 
out tiie United Slates and Canada are ready to work with 
yOu m satisfying your keyboard requirements proper se- 
lection pficmg and delivery scheduling These keyboard 
eiperts iiviii provide sound and practical answers to your 
needs tf you market or purchase m Europe. MI(tRO 
SWITCH provides professional saies-engmeenng service 
•n xey European cities 


While we provide application assistance on all MICRO 
SWITCH products, p rsonal-y and through our literature 
it 15 up to the customer to determine the suitability of the 
product in his application 


CANADA 

Honey Men Limited 
740 Ellesmere Road 
Scarborough Ontario 
MiP ?V9 
Te 4162930111 


EUROPE 

Hor>eyrf»e" GmbH 
Kaiserie strasse 66 
6060 Ottenbach Ma<n 
Germany 

Tei i06t 110064260 
Honey«veM S A 
4 Avenue Ampere 
r8390 8r.sd Arcy 
Pr ince 
Tel 043 81 31 


HoneyMe* A0 

S 1 86 Sharhoirrien 

Sweden 

Te> 08 86 00 00 
Honeywell Ltd 
Orphanage Road 
E'dmgton 

Birmingham 024 9 h2 
England 

Tei 021-3T3 8144 


:.i:cr:o ev/ircM 

rpftPOBT ILLINOIS e*0J2 

A DIVISION OF HONEYWELL 


«4 A >jT* PQin'FO N uSX 
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